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The 7th Meeting of the ICS, Hilton Head, December 1999. Meeting 

Report. 

Signal transduction (Udo Junker) 

This year's meeting, excellent in scientific merit and brightly organized, nevertheless has no 

single center of attention: too wide has the field of cytokine research grown to both 

concentrate on a single topic and cover all cytokines, even considering that interferons, 

FGF, neurotrophins and others are being analyzed by their respective societies. Signal 

transduction however might have been the one topic that brought together most of the 

presentations given at the meeting. 

Warren Leonard started out with a talk that might have been called "SCED and the EL2- 

receptor family". Warren however so much wanted to have it on the very most recent 

level that he wouldn't even give a title when the presentation was to start. He reported on 

the effects of various disturbances of the signal cascade triggered from the EL-2-receptor. 

One of the most elements here is an enhancer site some 3700bp upstream of the TATA 

motif, containing a dyad GAS site. As he showed, this site is good to bind STAT5- 

TETRAmers, consisting of two of the commonly known STAT5-dimers. By using 

oligonucleotide studies he found that for an optimum, more that additive effect of the site, 

the two binding motifs have to been separated by 6bp, while in the EL2R-alpha promoter 

they are separated by 1 lbp. 

Lori Glimcher of Harvard took up the theme of regulation of gene-expression in T-cell, 

reviewing the molecular mechanisms the distinguish a TH1 from a TH2-cell. While the 

TH2-specific transcription factors c-maf and GAT A3 have been detected not so long time 

ago, Lori found a factor she would call T-bet by screening a TH1 expression library for 

factors binding to the (relatively TH1-specific) IL2-promoter. This transcription factor 

while absent in unstimulated cells is expressed in T-cells within Ihr after TcR engagement 

and in a synergistic manner by TL-12, also found only in NK-cells and B-cells upon 

triggering CD40. Artificially expressed T-bet is a very powerful promoter of IFN-g, while 

actually suppressing IL-2, which is only in virtual contradiction with the way it was found: 
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the initial library screen was only on binding proteins regardless of their effect. T-bet is a 

powerful factor, able to induce IFNg and shut down IL2, IL4 and EL5 in polarized TH2 

and TC2-cells: 

Two Minisymposia were specifically designed to deal with signal transduction, another for 

receptor recycling and signaling. A few of the presentations will be covered here. 

The first Minisymposium presentation with major accent in signal transduction was given 

by Deborah Alpert of N.Y. Medical School, receiving an Outstanding Scholar Award for 

separating p38-dependent from p38-independent ways sodium salicylate (NaSal) can 

suppress activation of NF-kB, all of which converge on an inhibition of IkB-alpha 

phosphorylation. By using MEKK6b(E), a mutated constitutively active upstream 

activator of p38, and SB203580, an inhibitor of 038, she could show that NaSal always 

(partially) inhibits IKKa activation in purified proteins, while of the upstream signals it 

inhibited (again, partially) only TNFa but not IL1, and that this inhibition is mediated by its 

effect on p38. Interesting was also her observation that NaSal is a rather weak inhibitor of 

cyclooxygenase II and thus could mediate most if it's effects indirectly via influencing 

gene expression. 

Signaling of ELI and related cytokines kept coming up during the meeting, after Michael 

Martin's presentation about the role of Death Domains in IRAK. It turns out IRAK 

lacking the C-terminal kinase domain as well as a construct consisting of only the IRAK 

Death Domain are dominant negative inhibitors of ELI signaling. Also, the kinase domain 

has autocatalytic activity, so that Michael would envision the sequence of signaling events 

as follows: binding of ELI to its receptor, recruitment of MyD88 and of IRAK via the 

MyD88 Death Domain, auto- (not cross-) phosphorylation of IRAK at the Death Domain 

and Kinase Domain, release of the MyD88/TRAK complex and association with TRAF6 at 

a 2ERAK*2TRAF stoichiometry: the TRAF will not enter a complex with the EL1R 

molecules. 

Silvia Bufone of the Free University Berlin received a Young Investigator Award for her 

research on EL 15 receptor signaling. Quite unexpectedly, she could isolate the "spleen 

tyrosine kinase" Syk as binding partner for the DL15R-alpha chain. Syk, which is usually 

found in mast cells and basophils, but is most recognized for interacting with the B-cell 



antigen receptor, mediates the anti-apoptotic effect of EL15 on ceramide-treated cells; it 

phosphorylates the IL15Ra and triggers PLC-gamma. It is however not sufficient for 

IL15R signaling, as reflected by the fact that the IL15R also activates Jak2 in common- 

gamma-chain negative cells, while in those expressing gamma-common it signals as 

expected via JAK3. 

A tremendous amount of work for everybody working with Ras promised the presentation 

of John Schrader, University of British Columbia, as he could show that most of the 

effects commonly regarded as being mediated by H-Ras can in fact be ascribed to a novel 

member of the Ras family, M-Ras. The confusion stems from the fact that several of the 

most commonly used H-Ras antibodies do also bind to M-Ras, which in most cells types in 

fact is more abundant than the "classical" H-Ras. While wild type M-Ras is not 

tumorigenic, mutated (constantly activated) M-Ras is, and can substitute, e.g., for IL3 in 

EL3-dependent cell lines. Curiously enough, the combined proliferative effect of IL3 AND 

mutated M-Ras is less than that of M-Ras alone. M-Ras triggers many pathways that have 

been described for H-Ras, however it has less Raf-activating capacity. Besides of pro- 

proliferative effects, M-Ras carries differentiating capacity as it promotes formation of 

platelets from leukemia cells transfected with activated M-Ras in syngenic animals. 

The presentations of Helmut Holtmann from Hannover, Germany and Andy Clark, 

Kennedy Institute London dealt with regulation of mRNA stability,  a topic quite 

commonly overlooked in signal transduction studies. They find that the AUUUA motifs 

commonly regarded as the regulators of mRNA stability be themselves are not sufficient to 

explain all observed effects: Holtmann reported a spatial separation between the AUUUA 

and the instability-conferring site in the JJL8-UTR while Clark finds that cyclooxygenase 

mRNA stability is mainly regulated by the first triplet of AUUUA's 3' of the ORF, while 

the many other repeats further downstream don't seem to play a critical role. He also finds 

that COX-II mRNA stability can be positively regulated by the MKK6-p38-MAPKAPK2, 

while there is no such effect in the mRNA of, e.g. c-myc and TNF, which are also 

destabilized by multiple AUUUA repeats. 

A presentation to be held by Roger Rezzonico, but given by J.M. Dayer, reflected the fact 

that cytokine signaling pathways are being used by other signaling molecules, too. 



Integrins (CD 11a, CD lib, Cllc) do not only share structural elements with cytokine 

receptors, they also use the same intracellular elements. In short, activation of CD lib, c 

leads to a quick (within 15min) activation of ERK1 and ERK2 as well as p38, with the 

consequences of induction of transcription of the ELI beta gene, stabilization of the mRNA 

and improved translation into protein. 

The battle about what protein signals LPS-presence to the cells seems over after Bruce 

Beutler's (H. Hughes Med. Inst, Dallas) convincing presentation about the tracking down 

of the gene responsible for the decreased LPS-sensitivity / LPS-nonreactivity of C3H/HeJ 

and C3H/10ScCr mice, respectively. It turns out that they harbor point mutations and 

deletions in the TLR4 gene, respectively. TLR2, the other candidate gene was completely 

ruled out by Bruce; it turns out that obviously binds to and signals proteoglycan and likely 

Lipid A and/or its derivatives. 

A developing field in signaling research is the remodeling process of chromatin structure 

as an element regulating the accessibility of DNA for transcription factors, and thus a 

whole symposium was dedicated to these mechanisms. This symposium started with Alan 

Wolffes (NTH) review of the role of DNA acetylation / deacetylation in transcriptional 

activity. He stated that a 30% change in acetylation leads to a 20-fold increase in 

transcription in certain genes. The opposite effect is illustrated by the fact that the 

MAD/MAX complex, being so to say the antagonist of MYC/MAX, recruits deacetylases 

(RPD3 in yeast) via SIN3 to the DNA, leading to deacetylation of DNA, shutdown of 

transcription and thus participating in cell cycle arrest. He further illustrated his review 

with examples.  For instance,  in several leukemia cell lines,  as a consequence of 

translocation transcription factors recruit deacetylases to genes that should initiate 

differentiation and thus prevent the latter.    Another important mechanism of DNA 

shutdown is methylation, which in contrast to acetylation is more or less permanent and 

thus fixes a cell in a certain state, a mechanism important in, e.g. differentiation of TH1 

and TH2 lymphocytes. This was illustrated in the presentation of Anjana Rao, Harvard, 

who investigated changes in the chromatin structure of the IL4 gene during T-lymphocyte 

differentiation. By analyzing DNAsel hypersensitivity pattern in T-cells polarized to a 

various extent she could show that a switch from TH2 to TH1 by high doses of 



IFNgamma and anti-CD3 activates the IFNgamma gene without changing the chromatin 

structure around the IL4, EL5 and IL13 genes, i.e., the changes occur at the level of 

transcription factors. Vice versa this is not the case: a polarized TH1 cells triggered by 

high IL4 will (reversibly) shut down the IFNgamma gene but it will not bring back 

expression of IL4, DL5 and IL13, as these have been closed irreversibly by methylation. 

She fits her observation into the following time-pattern. In native THO cells, the IL4-locus 

is heavily methylated and thus inactive. Upon first contact at the T-cell receptor, the EL-4 

promoter is partially demethylated, and can be accessed. The further fate depends upon 

exogenous factors: in the presence of IL-4, after 8 weeks the whole gene is demethylated 

and actively transcribed: in the presence of IFN-gamma, it is completely and irreversibly 

methylated. 

Rik Derynck, UCSF, had to postpone his presentation - he could not make it to the 

meeting in time. Nevertheless he gave an outstanding overview on TGFb/SMAD 

signaling. Instead of functioning as autonomous transcription factors, the respective 

SMAD 2, 3 and 4 cooperate with other transcription factors (AP-1, SP-1 and others) that 

already may sit on the DNA as in the case pi5 induction, the most prominent effect of 

TGFb. It occurs the pi5 promoter has two neighboring sites for SP-1 and SMAD3. The 

SP-1 site is "preloaded", but weakly active. Upon TGFb signaling, SMAD2, 3 and 4 form 

a trimer. While SMAD3 binds to its relatively weakly conserved binding motif, SMAD4 

interacts with the SP-1 part of the transcription complex and induce a very strong 

activation. 

The last symposium of the meeting was dedicated to apoptosis, not commonly regarded as 

signal transduction though it is. 

Douglas Green, LIAI, gave details on the role and interaction of p53 and cytochrome C in 

induction of apoptosis. Even though p53 is said to induce bax transcription, activation of 

p53 triggers bax without necessity of transcription, leading to CytoC release from 

mitochondria. Interestingly, the amount of time needed for an individual mitochondrium or 

an individual cell to release all or most of the CytoC in constant, while the time from 

induction of apoptosis to the actual event of CytoC release may vary between and even 

within a single cell line. 



David Wallach's, Rehovpt, Israel presentation called Death & Transcription from the 

TNF-receptor in fact concentrated on the structural organization of the TNFR signaling 

complex, especially regarding the NF-kB signalosome, as he would call the complex of 

NIK, IKK's and NFkB. It turns out, NEMO, a recently described member of this complex 

binds to the intermediate region of RIP, getting all the signalosome in direct contact with 

the TNFR-complex. Also, NEMO interacts with A20, a protein known to inhibit NF-kB 

activation, which binds to TRAF2. Thus, the TNFR and the NF-kB signalosome form a 

tight, giant intracellular complex, wherein or by the amount of which NF-kB activation is 

differentially regulated by the amount of available NEMO and A20, which by itself is 

under positive transcriptional control by NF-kB. 

The last review presentation of the Meeting, given by Craig Thompson, University of 

Chicago, once again centered on the molecular execution mechanisms of apoptosis. He 

envisions apoptosis as the consequence of both metabolic changes (glucose, energy 

turnover in the cytoplasm and the mitochondria) and signaling mechanisms. Extending 

former presentations he sees improper shutdown of ATP/ADP production and transport 

through the mitochondrial membranes as causing hyperosmolarity, reactive oxygen 

radicals, lipid oxidation, and pH changes which will ultimately result in rupture of the 

outer mitochondrial membrane and release of cytochrome C, triggering the Caspase 

cascade. However, the most important take-home message from his lesson was 

formulated by Michael Lotze, Pittsburgh, by the short conclusion "I have to re-read my 

Lehninger", a conclusion that should well be considered by all us cytokinologists: it is all 

too easy to get detached from external reality of cytokines, such as conventional 

biochemistry, conventional biology, conventional anatomy of multicellular organisms. 

Inflammation (Giamila Fantuzzi) 

Martin Nicklin presented data demonstrating that EL-lRa-deficient mice develop lethal 

arterial inflammation when crossed into a 129xMFl genetic background. The effect of IL- 

lRa deficiency seems to be highly dependent on the genetic background of the animals, as 

previous studies had demonstrated either the lack of an evident phenotype or the 



development of rheumatoid arthritis (Balb/c strain). Nicklin's data were nicely 

complemented during the Clinical Symposium by the presentation of Gordon Duff, who 

demonstrated the association of specific genetic polymoprhism in the IL-1 family with 

cardiovascular disease. During the same symposium Steven Holland summarized the 

current evidence for the necessary role of IFN gamma and IL-12 in the protection from 

mycobacterial infections in humans. Patients with mutations in either the IFN gamma or 

the EL-12 receptor are extremely susceptible to infections by strains of mycobacteria which 

are usually harmless to non-immunodeficient individuals. The cloning and characterization 

of several new interesting molecules has been presented. Among these were TIF (T cell- 

derived inducible factor) and BLyS (B Lymphocyte Stimulator). As explained by L. 

Dumoutier, TEF, which is induced by IL-9, shares a 22% aminoacid homology with IL-10, 

is constitutively expressed in the thymus and brain and activates STAT activity in 

mesangial, neuronal, and melanoma cell lines. Judith Giri presented results on BlyS, a 

member of the TNF family which is mainly produced by neutrophils and monocytes and is 

upregulated by IFN gamma and IL-10. Administration of BlyS to mice induces 

splenomegaly, alters spleen architecture and increases IgG, IgM and IgA levels. The 

cloning and characterization of the activity of several isoforms of the human and murine 

EL-18 binding protein were presented by Soo-Hyun Kim. Some isoforms neutralize the 

activity of IL-18, whereas others appear to be inactive, raising the possibility that genetic 

differences in the ratio between active and inactive isoforms might modulate susceptibility 

to Thl-mediated diseases. S.-H. Kim also presented a tridimensional molecular model for 

the binding of IL-18 to the EL-18 binding protein. Data on EL-B30, a novel cytokine, were 

presented by M. Wiekowski. Transgenic mice constitutively expressing EL-B30 show 

stunted growth and disseminated inflammation, with development of neutrophilia, increase 

in platelet counts and augmented serum levels of acute-phase proteins. EL-1 and TNF 

alpha seem to mediate the proinflammatory effects of EL-B30. 

Chemokines (Silvano Sozzani) 

At difference with past meetings, chemokine communications were not focussed on the 
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characterization of new chemokines or chemokine receptors, but rather on the mechanisms 

involved in the regulation of chemokine biology. 

Many presentations extended the concept that the signals present at the inflammatory sites 

can regulate the expression of chemokine receptors. Dr. Gangur showed that IFNg, in 

addition to induce CXCR3 ligands inhibit the functionality of this receptor in De- 

activated T lymphocytes, with an apparent new mechanisms that does not involve 

membrane receptor down regulation. DL-2 can remodel chemokine receptors on NK cells 

upregulating inflammatory chemokine receptors (e.g. CCR1, CCR2, CCR5, and CCR6) 

and having an opposite effect on CCR7 (C. Paganin). The local cytokine contest can also 

induce the expression of "non canonical" receptors in leukocytes. Neutrophils exposed to 

EFNg in association with TNF become responsive to MIP-3a/LARC, the ligand for CCR6 

(T. Yoshimura); and Th2 cytokines (IL-4 or EL-13) induce the expression of functional 

CXCR1 and CXCR2 in monocytes (S. Sozzani). Finally, A. Sica showed that the 

alteration of the cell redox states by the use of antioxidants (PDTC or NAC) rapidly 

inhibits CCR1, CCR5, and CXCR4 expression and function in human monocytes. In 

contrast, the ROI-generating system Xanthine/Xanthine Oxidase, and H202 had the 

opposite effect. Interesting evidence that one chemokine receptor can be functionally 

activated by a family secreted proteins, the defensins, were also provided (D. Yang). 

Dr. Renauld showed that vMIP-1, in addition to 1-309, protect mouse thymic lymphomas 

against corticoid-induced apoptosis by the activation of CCR8. This effect was inhibited 

by inhibitors of the MAPK pathway, and by a dominant negative of M-Ras. Since these 

are signaling pathways very likely activated by all chemokine receptors, the specific 

mechanism(s) responsible for CCR8 anti apoptotic activity needs still to be elucidated. M- 

Ras activation is also shown to be activated in MGSA/GRO activated melanocytes, and to 

responsible for the transforming action of this chemokine. M-Ras activation is also 

required for the induction of AP-1 and NF-kB transcriptional activity by MGSA/GRO (D. 

Z. Wang). 

Dr. Park presented that targeted disruption of the mig gene resulted in a strong reduction 

of IgG2a titer in response to Franciscella tularensis, suggesting that MIG plays a role in 

the activation of the Thl response against this pathogen. 



Finally, Dr. Ruddle presented very interesting evidence that two chemokines SLC and 

BLC, that are known to play a crucial role for the trafficking of lymphocytes and dendritic 

cells in lymphoid organs are expressed at sites of chronic inflammatory reactions. This 

expression may be responsible for the lymphoid neogenesis associated with these diseases 

and is sustained by the interaction of Lymphotoxin-a with the TNFR1. 



CYTOKINE 
The Official Journal of the International Cytokine Society 

Volume 11 Number 11 November 1999 

Original Contributions 

813     Identification and Partial Characterization of FRAG-6, a Novel Interferon-stimulated Gene that is Expressed 
in an IRF-1-Independent Manner 
Aristöbolo M. Silva, Renata L. A. Bottrel and Luiz F. L. Reis 

822      Synergistic Proliferation and Activation of Natural Killer Cells by Interleukin 12 and Interleukin 18 
Bernard R. Lauwerys, Jean-Christophe Renauld and Frederic A. Houssiau 

831      Differential Regulation by IL-4 and IL-10 of Radiation-Induced IL-6 and IL-8 Production and ICAM-1 
Expression by Human Endothelial Cells 
Anne Van der Meeren, Claire Squiban, Patrick Gourmelon, Helene Lafont, Marie-Helene Gaugler 

839      Protein Kinase C-dependent Pathway is Critical for the Production of Pro-inflammatory Cytokines 
(TNF-a, IL-lß, IL-6) 
Ewa Kontny, Maria Ziölkowska, Alicja Ryzewska and Wlodzimierz Masliriski 

849      GM-CSF Rescues TF-1 Cells From Growth Factor Withdrawal-induced, but not Differentiation-induced 
Apoptosis: The Role of Bcl-2 and Mcl-1 
Lidija Klampfer, Jin Zhang and Stephen D. Nimer 

856      IL-lß Induces Serine Protease Inhibitor 3 (SPI-3) Gene Expression in Rat Pancreatic ß-Cells. Detection by 
Differential Display of Messenger RNA 
Meng-Chi Chen, Frans Schuit, Daniel G. Pipeleers and Decio L. Eizirik 

863     Biological Functions of Recombinant Bovine Interleukin 6 Expressed in a Baculovirus System 
M. Yoshioka, Y. Mori, S. Miyazaki, T. Miyamoto, Y. Yokomizo and Y. Nakajima 

869      Flow Cytometrical Determination of Interleukin Iß, Interleukin 6 and Tumour Necrosis Factor a in 
Monocytes of Rheumatoid Arthritis Patients; Relation with Parameters of Osteoporosis 
Ann Verbruggen, Luc S. De Clerck, Chris H. Bridts, Jan F. Van Offel and Wim J. Stevens 

875      Increased Monocyte MCP-1 Production in Acute Alcoholic Hepatitis 
Madhav N. Devalaraja, Craig J. McClain, Shirish Barve, Kris Vaddi and Daniell B. Hill 

882      Polymorphisms at Position - 308 in the Promoter Region of the TNF-a and in the First Intron of the 
TNF-ß Genes and Spontaneous and Lipopolysaccharide-Induced TNF-a Release in Sarcoidosis 
Akos Somoskövi, Gernot Zissel, Ulrike Seitzer, Johannes Gerdes, Max Schlaak and 
Joachim Müller-Quernheim 

888     IL-15 is Elevated in the Patients of Postoperative Enterocolitis 
Toshihiko Mayumi, Jun Takezawa, Hideo Takahashi, Haruo Yamaguchi, Hitoshi Nishimura, 
Atsushi Enomoto, Satoshi Ichiyama and Yasunobu Yoshikai 

895      Seventh Annual Conference of the International Cytokine Society 

All Articles available online at http://idealibrary.com 

CYTOKINE is covered by Biochemistry!Biophysics Citation Index, BIOSIS, Chemical 
Abstracts, Current Contents/Life Science, Index Medicus, Research Alert, Science Citation 
Index, SCISEARCH and EMBASEIExcerpta Medica. 

Cover Legend. The cover is an original painting commissioned from the artist Tina York. It depicts the artist's conceptions of cytokines 
emanating from a stimulated cell, and other cytokines acting on that cell. 

This journal is printed on acid-free paper. 



INSTRUCTIONS TO AUTHORS 

CYTOKINE will publish original work of high quality on all 
cytokines including interleukins, cytotoxins, haematopoietic 
factors, transforming growth factors, interferons and other 
known or knew cytokines. Articles covering any aspect of 
basic or applied cytokines research will be considered, includ- 
ing phylogeny, molecular genetics, gene expression, biochem- 
istry, pathophysiology and diagnostic or therapeutic clinical 
applications. Short papers will also be welcome, including 
original and genuine advances to methodology as applied to 
cytokines. Contributions from academic and industrial 
sources are equally welcome. Regular review articles and 
mini-reviews will keep readers informed in the fastest moving 
areas. These will normally be commissioned but suggestions 
of areas for review are welcome. Correspondence concerning 
controversial areas of research, or arising out of articles 
published in CYTOKINE should be sent to the editors, who 
will publish such material at their discretion. A major aim of 
the Journal will be to encourage communication among 
different specialities. 

PUBLICATION TIME 

Every original article received will be independently reviewed 
by at least two appropriate referees. On average, a decision 
will be reached within 4 weeks of the receipt of the manu- 
script. To avoid delay, telephone and facsimile communi- 
cation will be used when appropriate. Whenever possible, 
publication will be within 12 to 16 weeks of acceptance date. 
Copies of manuscripts accepted for publication will not be 
returned to the authors. 

SUBMISSION OF MANUSCRIPTS 

Manuscripts,   one  original  and  three  copies,   should  be 
submitted to: 

Professor Gordon W. Duff 
Editor, CYTOKINE 
Division of Molecular and Genetic Medicine 
University of Sheffield 
Royal Hallamshire Hospital 
Sheffield S10 2JF 

Dr Scott K. Durum 
Editor, CYTOKINE 
103 Baughman's Lane 
Suite 289 
Frederick, MD 21702 
USA 

By submission of a manuscript to the Journal, the authors 
guarantee that the manuscript, or one substantially the same, 
has not been published previously, and is not being con- 
sidered for publicaton elsewhere. If previously published 
tapes, illustrations or more than 200 words of text are 
included, then the copyright holder's written permission must 
be obtained. Copies of permission letters should be enclosed 
with the submitted manuscript. 

PROOFS 

Authors will receive galley proofs. To avoid delays in publi- 
cation, proofs should be checked for typographical errors 
only and returned to the publisher within 48 hours of receipt 
by the fastest possible method. Excessive alterations may 
delay publication of the article to a subsequent issue. 

PREPARATION OF MANUSCRIPTS 

An original and three copies of the manuscript should be 
submitted, with a list of five potential reviewers, with 
addresses, telephone and fax numbers. Manuscripts should 
be typewritten in English on A4 or 8'A" x 11" white paper, 
with double spacing and liberal margins. Articles should be 
organized as follows: Title page, Abstract, Introduction, 
Results, Discussion, Materials and Methods, Acknowledge- 
ments and References. Figure legends and tables, in this 
order, should be added at the end of the manuscript. 

The title page should be on a separate sheet and should 
include the title, the name(s) of the author(s), author affilia- 
tions, name, facsimile and telephone number of the person in 
the contributing laboratory who may be contacted with 
questions concerning the manuscript, one complete address 
for one author for the mailing of proofs and for reprint 
requests, and a shortened version of the title that does not 
exceed 45 characters including spaces. Up to five key words, 
which may or may not appear in the title, should be given in 
alphabetical order, below the title, each separated by a slash. 

An abstract must accompany each article and should not 
exceed 200 words. No references are allowed in the abstract. 

Materials and Methods should be presented in a form 
whereby peers of the author can repeat the experiments and 
test the conclusions. The names and addresses for suppliers 
of uncommon reagents or instruments should be included. 

All tables must be cited in the text. The appropriate location 
of each table should be indicated in the margin of the 
manuscript in pencil. Tables should be numbered with arabic 
numerals (Table 1, Table 2) in order of their text citation. 
Each table should be typed (double-spaced throughout) on a 
separate sheet of paper and should have a title. Use spaces, 
not vertical rules, to separate columns. Each table should 
have a legend in sufficient detail to allow understanding 
without reference to the text. 

All figures must also be cited in the text. Figure legends 
should be numbered with arabic numerals (Figure 1, Figure 
2). Legends should be typed double-spaced on manuscript 
paper that is not attached to the figures themselves and 
should be sufficiently detailed to allow understanding with- 
out reference to the text. Figures should be identified (with 
soft pencil on the back) by the author's name as well as 
by figure number. TOP should be marked, and maximum 
cropping indicated. Please note that original figures will not 
be returned to authors unless specifically requested at time of 
submission. 

The Journal will accept line drawings, halftones, and laser- 
quality computer output. Line drawings should be submitted 
as glossy black and white prints; for halftones, good photos 
should be supplied. The author should retain negatives. 
Photocopied illustrations or authors' sketches are not suit- 
able for reproduction in the Journal (however, photocopies 
are acceptable as duplicate copies). Colour prints are not 
acceptable for reproduction as black and white prints. There 
will be a charge for colour reproduction. If any illustration 
has been previously published, a copy of the letter of 
permission from the copyright holder must accompany the 
illustration. The source of the illustration should be included 
in the figure legend. 

Acknowledgements should be included at the end of the text 
(not in footnotes). 



^titnimiiiiiii^: ;■!?;v- •;# 
Jröi^L Academic Press    JK^GSOUrCGS 

New Editions! 
The 
Autoimmune 
Diseases 
THIRD EDITION 

Edited bv 
Noel R. Rose 
The Johns Hopkins University 
Baltimore, Maryland 

IanR.||lcKay       -■■■^-': 
'.'' MoiiashiMversity, Clayton,        " 

Victoria, Australia « 

Since the First Edition of The Autoimmune Diseases was 
■ published in 1985rin*erest-mw^>p"ßbwiöd^ about 

autoimmune diseases has greatly increased. This edition 
incorporates new material and combines the basic aspects 

■öfautoimmtmity with discussion of specific autoimmune 
diseases in humans. 

The scientific chapters include mechanisms of natural tol- 
erante, me gefetie basis of autoimmunity, the significance 
of apoptosis, t|e influence of cytokines, environmental 
influences, and: experimental models. The clinical chapters 
cover autoimmune endoi^e deficiencies, insulin-depen- 
dent oliabetes^iheuin^ 
and particular, diseases of the blood, skin, eye,iidney, and 
liver. .; ;;,i:i':: 

KEY FEATURES 

• 43 chapters provide comprehensive discussion of all 
autoimmune diseases and organ systems 

• Discusses the biological basis of disease at genetic; 
molecular, cellular, and epidemiologic levels 

• Examines the environmental determinants of 
autojmmune disease 

• Covers the association between of autoimmunity and 
cancer, AIDS, and aging 

September 1998, c, 895 pp., $139.95/£94;35 
ISBN: 0-12-596923-6 

Systemic Lupus 
Erythematosus 

?"THTRD EDITION 

Edited by 
Robert G. Lahita 

: »Covers systemic lupus erythematosus 
from basic science to diagnosis and 

-, management . 

• Includes new authors and four 
new chapters 

• Presents comprehensive coverage of   ■'''..: 
basic models of etiology and pathogenesis " 

• Provides a complete catalog of autoantibodies produced 
,   clinical manifestations, and therapeutic approaches 

October 1998, c. 1200 pp., $189.95/£129.95 
ISBN: 0-12-433900-X 

Autoimmune 
Disease Models 

?15f A Guidebook 

'" " *   Iran R. Cohen and Ariel Miller 

"This is a very useful book and it will be of 
big value to the experimenters who want to 
use animal models in their studies of 
autoimmunity." 

-MMUNOLOGICAL INVESTIGATIONS 

1994, 329 pp., $34.95/£53.00 
ISBN: 0-12-178330-8 

Order from your local bookseller or directly from: 

DH/TR/LBS—16088E 9/98 

Academic Press 
Order Fulfillment Dept. DM27103 
6277 Sea Harbor Drive, Orlando, FL 32887 

In the U.S. and Canada 
CALL TOLL FREE: 1-800-321-5068 
FAX: 1-800-874-6418 
E-MAIL: ap@acad.com 

Harcourt Brace & Co. 
Academic Press 
Customer Services Dept. 
Foots Cray High Street 
Sidcup, Kent DA14 5HP, UK 
Tel: +44 (0J181 308 5700 
Fax: +44 (0)181 309 0807 



Secure online ordering! 
www.academicpress.com ACADEMIC PRESS ~~—~~— 

Your Site for Cytokinolog^ Information 

* ?; The i 
DacytoMnej 
- Handbook 

The Cytokine 
Handbook 
THIRD EDITION 

EDITED BY 

Angus Thomson 
Praise for Previous Editions 

"The Cytokine Handbook has brought together a 
^ number of internationally recognized scientists to detail 
and synthesize a wealth of information on cytokine biology in a much needed and 

most readable and highly referenced book." 
-IMMUNOLOGY TODAY 

"The Cytokine Handbook provides a comprehensive introduction to these cell-modulating 
proteins, with contents that are of interest not only to the uninitiated but also to those who are 

already hooked." 
-NATURE 

"Änel998, c. 848 pp., S125.00/ISBN: 0-12-689662-3 

Cytokines 

Heparin-Bindfng 

PROTEINS 

EDITED BY 

Anthony Mire-Sluis 
and Robin Thorpe 
Cytokines is unique in stressing cytokine 
biology and the application of research 
data to provide disease therapy. This com- 
prehensive reference provides 33 detailed 
and up-to-date chapters about the 
structure, biochemistry and biology of 
individual cytokines.This single volume 
covers both facts and descriptions of all 
the Cytokines in a consistant and easy to 
read format 

May 1998, c. 608 pp., $99.95 (Tentative) 
ISBN: 0-12-498340-5 

Cytokines 
Volume 52 of the ADVANCES IN PROTEIN CHEMISTRY Series 

James A. Wells 
September 1998, c. 450 pp., S80.00 (tentative) 
ISBN: 0-12-034252-9 

Heparin-Binding 
Proteins 
H. Edward Conrad 
This book describes the complex structures 
of heparins and heparan sulfates (hepari- 
noids) and how they are generated by 
their biosynthetic pathways. The book also 
details the methodologies for studying 
these structuresand their cellular 
metabolism. 

1997, 527 pp., S89.95/ISBN: 0-12-186060-4 

THE 
ICHEMOJOtfa 

vgmsmr 

THE      , 
LEUCOCYTE 

ANTIGEN 

mm 

The CytokineTactsBool 
Robin E. Callard, and Andy Gearing 
"The authors have collected essential information on most of the cloned cytokines from 
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IDENTIFICATION AND PARTIAL 
CHARACTERIZATION OF FRAG-6, A NOVEL 
INTERFERON-STIMULATED GENE THAT IS 

EXPRESSED IN AN IRF-1-INDEPENDENT 
MANNER 

Aristöbolo M. Silva,1'2 Renata L. A. Bottrel,1 Luiz F. L. Reis2 

In order to identify new interferon-stimulated genes that could help in the better understanding 
of the mechanism of action of interferons (IFNs), we decided to compare, by differential display 
RT-PCR (DDRT-PCR), the pattern of gene expression between IFN-ot treated and untreated 
mouse embryonic fibroblasts (MEFs). Here we describe the initial characterization of a new 
cDNA fragment, named FRAG-6, that is expressed only upon IFN stimulation. The IFN- 
induced expression of this new gene can be observed in both wild-type and IRF-1-deficient MEF. 
FRAG-6 cDNA hybridizes with an mRNA of 6-9 kb that is induced by IFNs in a time-dependent 
manner. Analysis of the cloned nucleotide sequence revealed a 174 amino acid (aa) open reading 
frame (ORF) contained within the 576 bp. No significant homology with known nucleotide or 
protein sequences was observed. FRAG-6 is induced in vitro upon treatment of wild type or 
IRF-1-null cells with IFN-a or -y, but not with TNF or IL-1. Treatment of mice with imiquimod, 
a potent inducer of IFN, led to induced expression of FRAG-6 mRNA in various organs from 
wild type or IRF-1-deficient mice, but not from STAT-1 or type I IFN receptor deficient 
animals. Our results demonstrate that FRAG-6 mRNA induction by interferons is IRF-1- 
independent and it is likely to be activated by the JAK/STAT pathway. Further characterization 
of FRAG-6 will help us in the understanding of the mechanism of action of IFNs. 

© 1999 Academic Press 

Interferons (IFNs) are a family of pleiotropic 
proteins that are essential for antiviral defence and 
also, play a critical role as immune modulators, and in 
the regulation of cell growth and differentiation.1 In 
order to exert their biological functions, IFNs interact 
with specific cell-surface receptors, initiating a cascade 
of signalling events that will trigger the expression of 
several IFN-stimulated genes (ISGs).2 Type I IFN 
signalling is mediated primarily via the activation of 
inactive, cytoplasmic forms of STAT-1 and STAT-2 by 
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JAK-1 and Tyk-2, members of the JAK family of 
protein kinases. Phosphorylated STAT-1 and STAT-2 
will interact with the DNA-binding protein p48 to 
form the trimeric ISGF-3 complex.37 Type II IFN or 
IFN-y signalling is primarily mediated by a 
homodimer of phosphorylated STAT-1 and utilizes 
JAK-1 and JAK-2 tyrosine kinases.8^12 

The crucial role of the JAK/STAT pathway in 
IFN signalling was substantiated by the findings that 
mice deficient for STAT-1 lack the ability to respond to 
both type I and type II IFNs.13'14 Nonetheless, other 
signalling molecules have been implicated in the induc- 
tion of genes by IFNs. For example, CTAII appears to 
be an essential molecule for the induction of MHC 
class II by IFN-y.15'16 Also, both type I and type II 
IFNs can induce the expression of the interferon 
regulatory factor 1 (IRF-1).17"19 

IRF-1 was originally cloned by screening an 
expression library with an oligomerized hexanucleotide 
(AAGTGA) probe derived from a sequence motif 
present within the promoter region of the IFN-ß gene, 
as  well  as  within  the  promoter region  of several 

CYTOKINE, Vol. 11, No. 11 (November), 1999: pp 813-821 813 
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ISGs.17'20 The functional characterization of IRF-1 as 
a positive regulator of transcription has been very 
widely documented. For example, cell lines expressing 
an IRF-1 antisense RNA showed a dramatic reduction 
in the poly(I).poly(C)- or virus-induced levels of IFN-ß 
mRNA or protein, as well as a reduced expression of 
some ISGs, suggesting a critical role for IRF-1 in the 
regulation of the IFN-ß and ISG gene expression.21 

Experiments using mice lacking a functional 
IRF-1 gene revealed its crucial role in the IFN-y 
signalling as demonstrated by the lack of induction of 
iNOS (inducible nitric oxide synfhase)22'23 and GBP 
(guanylate-binding protein).24'25 Moreover, the consti- 
tutive expression of LMP-2 and TAP-1 are dramati- 
cally reduced in mice deficient for IRF-1.26 IRF-1 - 
deficient mouse embryonic fibroblasts (MEFs) are 
also less sensitive to the antiviral action of type I 
IFN.24 However, the normal induction of type I 
IFN genes by both virus or poly(I).poly(C), suggests 
that, in vivo, IRF-1 is not necessary for the induction 
of the type I IFN genes,27 as well as for the induction 
of type I IFN-stimulated genes such as 2'5'OAS, PKR, 
etc.23 

In order to identify new IFN-stimulated genes as 
well as to further investigate the role of IRF-1 in IFN-a 
signalling, we compared, by means of differential- 
display RT-PCR, the mRNA population present in 
untreated or IFN-a-treated wild-type or IRF-1 - 
deficient mouse embryonic fibroblasts. Here, we 
describe the characterization of a novel ISG, named 
FRAG-6. FRAG-6 is induced by type I as well as by 
type II IFNs in both wild-type and in IRF-1-deficient 
cells. It is also expressed in vivo in various organs and 
its IFN-induced expression appears to be mediated by 
the JAK/STAT pathway and is not affected by the lack 
of IRF-1. 

RESULTS 

Isolation and characterization of a cDNA 
fragment corresponding to a novel IFN-stimulated 
gene 

In the differential-display RT-PCR analysis, we 
identified a cDNA fragment of 576 bp, that was 
present in both wild-type and IRF-1-null cells treated 
with IFN-a for 4 h, but absent in lanes corresponding 
to untreated wild-type or mutant cells. This cDNA was 
named FRAG-6 and the corresponding fragment was 
isolated from the gel, re-amplified and cloned. The 
cloned fragment was sequenced, revealing a putative 
open reading frame of 174 amino acids (Fig. 1). 
Neither the nucleotide sequence nor the putative coded 
amino acid sequence showed any significant homology 
with other known sequences deposited in the Gen- 
Bank. 

In order to confirm the presence of this sequence 
within the mouse genome, we performed Southern blot 
analysis. Figure 2 shows that the FRAG-6 cDNA 
probe hybridizes with a single genomic fragment, 
suggesting that FRAG-6 is a single copy gene. 

Induced expression of the FRA G-6 gene in 
response to cytokine treatment 

In order to confirm the inducibility of FRAG-6 by 
IFN-a, we performed Northern blot analysis with total 
RNA isolated from wild-type or IRF-10/0 MEFs, 
untreated or treated with rhuIFN-a2/al as indicated, 
using the labelled FRAG-6 cDNA fragment as probe. 
Figure 3 demonstrates that a mRNA of about 6-9 kb is 
detected in both wild-type or IRF-10/0 MEFs treated 
with IFN-a2/al, but not in control, untreated cells. We 
next determined the kinetics of FRAG-6 induction by 
IFNs. Detectable levels of FRAG-6 mRNA were 
observed 2 h after induction, and maximal levels of 
FRAG-6 mRNA were obtained 16 h after induction 
(data not shown). We also observed a higher accumu- 
lation of FRAG-6 mRNA when cells were treated with 
IFN for 4 or 8 h in the presence of the protein synthesis 
inhibitor anisomycin (data not shown). This result 
suggests that induction of the FRAG-6 gene by IFN is 
not dependent on de novo protein synthesis. 

To determine whether the induction of the 
FRAG-6 gene can also be observed in MEFs stimu- 
lated by other pro-inflammatory cytokines, we 
measured the levels of FRAG-6 mRNA in hetero- 
zygous or IRF-10/0 MEFs treated with murine IFN-y, 
TNF or IL-1. Figure 4 shows that IFN-y can increase 
the levels of FRAG-6 mRNA, albeit less effectively 
than type I IFN, at least at the length of treatment 
indicated. We have determined that the primary cul- 
ture of embryos derived from heterozygous mouse used 
in this experiments do behave like wild type (not 
shown). Treatment of MEFs with TNF did not induce 
the expression of the FRAG-6 gene, at least after 4 or 
8 h of treatment, as seen in Figure 5. IL-1 also failed to 
induce FRAG-6 gene expression under the same 
circumstances (data not shown). 

To investigate whether FRAG-6 mRNA expres- 
sion could be also observed in tumour cell lines, L-929 
cells were treated with recombinant human IFN-a2/al 
or murine TNF. As shown in Figure 6, constitutive 
levels of FRAG-6 mRNA were observed in control, 
untreated L-929 cells. Upon IFN-treatment, an 
increased level of FRAG-6 mRNA was observed 
already after 4 h of treatment, reaching the maximal 
induction at 8 h and decreasing thereafter. Once again, 
as also seen in Figure 5, TNF failed to induce the 
expression of FRAG-6 mRNA after 4, 8, or 16 h of 
treatment in these cells. 
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1   gtgataaccaagtcatggc 
20   ctgtgcataacggggagcctgtgtttgacgtggatgagatcttca 

M  R  S  S     4 

65   aatacctgctcaagtggcccagatgtgaggcagctcttcgaactg 

NTCSSGPDVRQLFEL 19 

110  tgtggaaccaatgagaaaatcatagacaacatcacggaggaaggc 

CGTNEKIIDNITEEG 34 

155  aggcagctgatggccactgctgagtctgtgttccagaaggtcgca 

RQLMATAESVFQKVA 49 

200  ggggaacttgagaatggcaccattgtggttggacagctggagctg 

GELENGTIVVGQLEL 64 

24 5  atcctcgagcaccagagtcagtttcttgacatctggaacttaaat 

ILEHQSQFLDIWNLN 79 

2 90  agaaggcggctgccatcccaagagaaggcctgtgatgtgaggagc 

RRRLPSQEKACDVRS 94 

335  ttgctgaaaaggagaagggatgatctgctgttcctcaagcaagag 

LLKRRRDDLLFLKQE 109 

380  aagagatacgtggagagcctcctgaggcagctcggaagagtgaaa 

KRYVESLLRQLGRVK 124 

425  caccttgtgcaagtggattttggaaacattgaaataatccactct 

HLVQVDFGNIEIIHS 139 

47 0  caagacctcagcaataagaaactaaatgaagccgtgattaagctc 

QDLSNKKLNEAVIKL 154 

515  cccaattcctcctcctacaaaagggagacacattactgcctgagc 

PNSSSYKRETHYCLS 169 

560     cctgacatccgagaaat 

P     D     I     R     E 174 

Figure 1.    Nucleotide sequence of the 576 bp of FRAG-6 cDNA fragment (accession no. U76754 in the EMBL, GenBank, and DDBJ nucleotide 
sequence databases) with the deduced amino acid sequence. 

The nucleotide sequence was determined by automated sequencing of both strands (ALF, Pharmacia). The amino acid sequence of the predicted 
partial coding sequence (numbering on right) is represented with the one-letter code, below the nucleotide sequence. 



816 / Silva et al. CYTOKINE, Vol 11, No. 11 (November, 1999: 813-821) 

H G Wild type IRF-r 

3801 

2079 -*■ 1 

1718- mmM 
mm' 

Figure 2.    Southern-blot analysis of genomic 129/Sv mouse DNA. 

Genomic DNA was isolated from 14 day-old mouse embryo and 
20 ug were digested at 37°C, for 18 h, with the restriction enzymes 
BamHl (B), .ffircdlll (H), EcoRl (E), Xbal (X) or BgM (G). After 
digestion, DNA was precipitated, fractionated on 0.8% agarose gel, 
and transferred to a nylon membrane. The filter was hybridized with 
a 32P-adCTP-labelled FRAG-6 cDNA. The standard of molecular 
sizes is indicated at the left in base pairs. 

In vivo induction of FRAG-6 mRNA by 
imiquimod is dependent of STAT-1 and 
IFN type I receptor 

To investigate the in vivo expression of the 
FRAG-6 gene, we determined the levels of FRAG-6 
mRNA in organs of wild type or mutant mice that lack 
some components of the interferon system after treat- 
ment with imiquimod, an immunomodulator that 
induces high levels of IFN upon oral administration.28 

FRAG-6 

28S 

18S 

Figure 3.   Induction of FRAG-6 mRNA by IFN-a. 

Total RNA was extracted from wild type or IRF-l0/0 MEFs treated 
with IFN-a ( + ) or from untreated controls ( — ). 15 jug of RNA were 
fractionated in 1% denaturing-formaldehyde agarose gel, transferred 
to nylon filter, and hybridized with a 32P-adCTP-labelled FRAG-6 
cDNA. 

IFN-a IFN-y 

IRF-1 o/o 

GAPDH 

Figure 4.    Induction of FRAG-6 by interferons is IRF-1 independent. 

Heterozygous or IRF-l0/0 MEFs were induced with rhuIFN-a2/al 
(500 IU/ml) or muIFN-y (100 IU/ml) as indicated and total RNA 
was isolated. 15 ug total RNA were fractionated on a denaturing 1% 
agarose gel, transferred to nylon membrane and hybridized with a 
32P-<xdCTP-labelled FRAG-6 cDNA probe. The filter was then 
stripped and re-hybridized with the 32P-adCTP-labelled rat GAPDH 
cDNA probe to ensure equal loading of RNA. 

In wild type mice, there was no detectable level of 
FRAG-6 mRNA in untreated, control animals. How- 
ever, either 2 or 8 h after treatment with imiquimod, 
induced levels of two distinct transcripts of FRAG-6 
mRNA were readily detectable in the spleen. When we 
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Figure 5.   FRAG-6 is induced by IFNs but not by TNF. 

Heterozygous or IRF-10'0 cells were treated with rhuIFN-a2/al 
(500 IU/ml) or muTNF (30 ng/ml) as indicated and total RNA was 
isolated. 15 )jg were fractionated on a 1% denaturing agarose gel, 
transferred to nylon membrane, and hybridized with a ,2P-adCTP- 
labelled FRAG-6 cDNA probe. In order to ensure equal RNA 
loading, the filter was stripped and re-hybridized with a 32P-ctdCTP- 
labelled WTI-2 cDNA, a constitutively expressed cDNA fragment 
that was isolated in our laboratory, whose expression is not modu- 
lated by IFNs (accession number gb/U51904). 

IFN TNF 
I I I 
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Figure 6.   Induced expression of FRAG-6 mRNA in tumour cell line. 

L-929 cells were treated with rhuIFN-a2/al (500 IU/ml) or muTNF 
(30 ng/ml) as indicated and total RNA was extracted. 15 ug total 
RNA were fractionated on a 1% denaturing agarose gel, transferred 
to nylon membrane, and hybridized with a 32P-adCTP-labelled 
FRAG-6 cDNA probe. 

compared the in vivo expression of FRAG-6 in wild- 
type or in IRF-10/0 mice treated with imiquimod, no 
significant differences in the steady-state levels of 
FRAG-6 mRNA were observed in the spleen, lung, 
heart, or thymus (data not shown). However, FRAG-6 
induction by imiquimod was impaired in mice deficient 
for STAT-1 or in mice deficient for the type I IFN 
receptor with no detectable levels of mRNA in the 
spleen of these animals as compared with their wild 
type counterparts (Fig. 7). 
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DISCUSSION 

The mechanism of action of interferons, especially 
those involved in the inhibition of viral replication is 
still obscure. Likewise, the physiological role of the 
transcription factor IRF-1 within the IFN-triggered 
signalling cascades has not been fully characterized. 
Taking advantage of cells deficient for IRF-1, we have 
used the differential display RT-PCR29'30 to search 
for new genes that are induced by IFNs and whose 
expression might be modulated by IRF-1. 

Seven cDNA fragments were recovered from the 
gel, re-amplified, cloned, and sequenced. Homology 
search was performed using the blast31 program avail- 
able at the NCBI Web Site. Five of the sequences show 
homology to human or mouse ESTs (accession number 
U47130, U47131, U51904, U46836 and AF074322). 
One fragment showed high homology (96% similarity) 
to mouse procollagen type V a-2. Another fragment 
named FRAG-6, with 576 base pairs showed no sig- 
nificant homology to known sequences and appeared 
to be differentially expressed in IFN-treated cells. 
Within this fragment we can identify a putative ORF 
with two potential initiation codons at positions 53-55 
and 164-166 of the nucleotide sequence. Interestingly, 
since the sequence of anchored oligo TnVA or its 
complementary sequence was not found within the 
cloned nucleotide sequence, but rather the random 
10-mer 5'-CTTGATTGCC-3' appears in both the 5' 
and the 3' ends, we cannot speculate that a 3' untrans- 
lated region (UTR) of a cDNA was generated by 
differential display strategy. This hypothesis is further 
supported by the absence of a consensus polyadenyla- 
tion signal within the cloned sequence and also, by the 
presence of a long internal putative ORF. When analy- 
sis of the primary structure of this ORF was performed 
using the program PSORT/VsII for prediction of pro- 
tein localization (http://psort.nibb.ac.jp/), a potential 
nuclear localization signal containing basic residues, 
Lys-Arg-Arg-Arg, was found at position 97-100 of the 
predicted coding sequence, according to Chelsky 
et al?2 Based on Southern blot analysis, the FRAG-6 
gene appears to be a single copy gene. 

Its differential expression in response to IFN was 
confirmed by Northern blot analysis where the cDNA 
fragment hybridized strongly with an mRNA of 
approximately 6-9 kb in IFN-a-treated wild-type or 
IRF-10/0 cells, but not in control, untreated cells, 
suggesting a tightly regulated promoter. 

IFNs and other pro-inflammatory cytokines, 
namely TNF and IL-1, share some of their biological 
activities, probably because they are capable of 
inducing a common set of genes.33~37 In the case of 
FRAG-6, there was no detectable increase in the 
steady-state level of mRNA in either wild-type or 
IRF-10/0 cells treated with TNF or IL-1. The lack of 
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Figure 7.   In vivo induction of FRAG-6 by the IFN inducer imiquimod requires STAT-1 and the type IIFN receptor. 

Wild type, STAT-10'0 or IFN a/ß receptor0'0 mice were treated orally with imiquimod (1 mg/kg). Total RNA was prepared from spleen harvested 
from untreated (0) or from animals treated orally for two or eight hours. 15 ng total RNA were fractionated on a 1% denaturing agarose gel, 
transferred to nylon membrane, and hybridized with a 32P-adCTP-labelled FRAG-6 cDNA probe. Arrows indicate the major and minor mRNA 
transcripts of 6-9 and 4.5 kb, respectively. The filter was then stripped and re-hybridized with a hybridized with a 3 P-adCTP-labelled GAPDH 
cDNA probe to ensure equal loading of RNA. 

induction by TNF or IL-1 suggests that activation of 
FRAG-6 gene expression is probably not mediated by 
NF-KB, known as a major component in both TNF 
and IL-1 signalling cascade,38^13 although a recent 
report suggests a second signalling pathway activated 
by these cytokines.38 

The induction of FRAG-6 gene expression 
appears to be a primary cellular response to IFNs. 
First, the IFN-induced expression of FRAG-6 was 
not abolished upon induction in the presence of the 
protein synthesis inhibitor anisomycin, suggesting 
that protein synthesis is not required for gene acti- 
vation (data not shown). Moreover, ablation of the 
IRF-1 gene did not impair the induction of FRAG-6, 
and both IFN-a and IFN-y were capable of inducing 
FRAG-6 gene expression in cells deficient for IRF-1. 
We have also investigated the induction of FRAG-6 
gene expression in vivo. It is well documented that 
oral treatment of mice with the immune modulator 
imiquimod leads to higher levels of circulating IFNs 
as well as the accumulation of mRNA from several 
ISGs in various organs.28,43 When we measured the 
levels of FRAG-6 mRNA in the spleen, lung, heart 
and thymus of wild-type or IRF-10/0 mice that were 
treated with imiquimod, there was a comparable and 
readily detectable induction of FRAG-6 gene expres- 
sion (data not shown). However, there was no 
induced expression of FRAG-6 in the spleen of 
STAT-10/0 or type I IFN receptor0'0 mice treated with 
the drug. Hence, induction of FRAG-6 gene expres- 
sion by IFN does require an IFN-triggered signal, 

likely to be the TYK-2/JAK-1 pathway for the acti- 
vation of STAT-1 and the formation of ISGF-3 
complex.6 

It is noteworthy that, at least in vivo, a shorter 
mRNA transcript of about 4.5 kb is concomitantly 
induced with the main transcript of 6-9 kb identified in 
MEFs. At this point, we are not certain whether this 
faster migrating mRNA results from a second tran- 
script, generated by an alternative splicing. Further 
experiments must be done in order to ascertain if the 
structure of the 4.5-kb transcript is derived from a 
transcriptional mechanism. 

A common feature for several interferon- 
stimulated genes is the presence of an IFN-stimulated 
responsive element (ISRE) for type I IFN and a 
gamma activated sequence (GAS) for type II IFN, 
present within their promoter region.45'46 The fact that 
both type I and type II IFNs induce FRAG-6 gene 
expression suggests that its promoter region contains 
these two elements. Thus, the pattern of induction of 
FRAG-6 follows that of a typical interferon-stimulated 
gene such as ISG-15, ISG-54, 6-16, etc.47~50 

Detailed inspections of the putative ORF within 
FRAG-6 cDNA have not revealed any potentially 
functional domain that could help us in speculating 
about possible functions of FRAG-6. Therefore, fur- 
ther studies are now required in order to provide some 
insight into the physiology of FRAG-6. It will now be 
necessary to search for the complete coding sequence 
of FRAG-6 mRNA as well as to determine the 
structure of the FRAG-6 gene and its promoter region. 
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MATERIALS AND METHODS 

Differential display 
Primary cultures of wild type or IRF-1-deficient mouse 

embryonic fibroblasts (MEFs) were treated or not treated for 
4 h with 500 IU/ml of rhuIFN-a2/al, a recombinant human 
IFN that is fully active in mouse cells.51 Total RNA was 
extracted by standard protocols.52 200 ng of DNase-treated 
total RNA derived from untreated or IFN-a-treated wild 
type or IRF-10'0 cells were reverse transcribed in a mix 
containing 20 uM dNTPs, 10 mM DTT, 200 U MMLV- 
reverse transcriptase and RT-buffer, in the presence of 25 
pmoles of anchored oligo TUVA, where V corresponds to A, 
C or G. One tenth of each cDNA first strand reaction was 
used as template for the differential display RT-PCR using 
the same anchored oligo plus a random 10-mer as 
described.30 The sequences of the random 10-mer used in the 
differential-display RT-PCR are PI3 (5'-CTGATCCATG- 
3'), P14 (5'-CTGCTCTCAA-3'), and PI5 (5'-CTTGATT 
GCC-3'). The PCR products were fractionated on a 6% 
acrylamide sequencing gel or alternatively, some samples 
were fractionated on 1.2% agarose gel. Bands of interest were 
recovered from the gel and re-amplified by PCR with the 
same primers and same conditions used for differential 
display, except that no radioactive dCTP was added, in a 
final volume of 40 ul. The re-amplified cDNAs were cloned 
into pUC18 using the SureClone ligation kit (Amersham 
Pharmacia Biotech, Sweden). 

Sequencing and analysis of cDNA fragments 
Cloned cDNA fragments were sequenced using the 

pUC/M13 forward or reverse sequencing primer using the 
A.L.F. DNA Sequencer (AmershamPharmacia Biotech, 
Sweden). Sequences were analysed using the blast31 program 
for nucleotides and proteins available at the National Center 
of Biotechnology Information (NCBI). 

Cell culture of primary mouse embryonic 
fibroblast (MET) cells and treatment with 
cytokines 

Heterozygous IRF-1 mice23 were intercrossed and 
MEFs were prepared from the resulting 12-14 day-old 
embryos. Individual embryos were transferred to tissue cul- 
ture dishes containing 10 ml PBS and primary fibroblasts 
were obtained. Cells were genotyped by RT-PCR from total 
RNA derived from IFN-induced cells. The heterozygous cells 
used in some experiments were compared to wild type cells 
and shown to respond equally well to IFNs. Spontaneously 
immortalized embryonic fibroblasts derived from wild type, 
or IRF-10/0 embryos were kindly provided by Drs Yi-Li 
Yang and Charles Weissmann, University of Zurich, 
Switzerland. MEFs and L-929 cells were grown in DMEM 
containing 10% FBS and allowed to grow to near-confluence. 
For induction, cells were treated with 500 IU/ml of 
rhuIFN-a2/<xl, 100 IU/ml muIFN-y, 30 ng/ml recombinant 
muTNF-a or 1 ng/ml recombinant muIL-la (all cytokines 
from R&D Systems, Minneapolis, MN, USA) as indicated in 
each figure. 

Mice 
All mouse lineages were of a pure 129/Sv background. 

Mice with disrupted IRF-1 gene were generated by homolo- 
gous recombination with a targeted deletion in which a gene 
segment comprising exon 5 and parts of exons 4 and 6 
(308 bp of coding sequence) was replaced by an extraneous 
DNA sequence.23 Mice deficient in the STAT-1 gene were 
kindly provided by David Levy, New York University 
Medical Center, NY, USA.13 Mice lacking the type I IFN 
receptor gene were generated by homologous recombination 
with a targeted disruption on exon 3.53 All animals were 
housed in sterile cages and maintained with sterile food and 
acidified autoclaved water. 

In vivo induction of FRAG-6 
The compound imiquimod [S-26308 or R-837, l-(-2- 

methyl-propyl)-lH-imidazol[4,5-c] quinoline-4-amine] was 
provided by 3M Pharmaceuticals (St. Paul, MN, USA). Mice 
were treated orally with 1 mg/kg (20 ul of a 1 mg/ml stock 
solution). Animals were anaesthetized and killed at different 
time points and organs were collected and immediately 
frozen in liquid nitrogen until total RNA extraction. 

Northern blot analysis 
For RNA isolation, cell cultures were washed twice in 

PBS (phosphate buffer saline pH 7.4) before RNA extrac- 
tion. Organs of imiquimod-treated animals were frozen in 
liquid nitrogen immediately after animals were sacrificed and 
homogenized in 3 ml of denaturing solution. RNA isolation 
was performed as described.52 15 ng of total RNA were 
fractionated through a 1% denaturing agarose gel and trans- 
ferred by capillarity to a Nylon filter (AmershamPharmacia 
Biotech, Sweden) by standard protocols.54 Pre-hybridization, 
hybridization and washes were performed as described pre- 
viously.55 32Pa-dCTP-labelled cDNA probes were prepared 
using the Rediprime Random primer labeling system 
(AmershamPharmacia Biotech, Sweden) according to the 
manufacturer's protocol. The FRAG-6 probe corresponds to 
the entire 576-bp cDNA fragment, subcloned into pUC18. 
The rat GAPDH probe56 corresponds to a 479-bp Xholl 
cDNA fragment subcloned into pSP64 (prepared by G. R. 
Müller, Institute of Molecular Biology II, Zurich, deceased). 
The murine WTI-2 cDNA probe (accession number 
gb/U51904) was cloned in our laboratory and showed 
constitutive expression not affected by cytokine stimula- 
tion. Autoradiography was performed at - 70°C, using 
intensifying screen. 

Southern blot analysis of the FRA G-6 gene 
Genomic DNA was obtained from fourteen-day old 

mouse embryos, and digested with restriction enzymes recog- 
nizing hexanucleotide sequences (all restriction endonucle- 
ases from New England Biolabs). After electrophoresis was 
done through a 0.8% agarose gel, DNA was transferred by 
capillarity to a Nylon membrane (AmershamPharmacia Bio- 
tech, Sweden) as previously described.54 The FRAG-6 cDNA 
probe was the same as described above for Northern blot 
analysis. 
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SYNERGISTIC PROLIFERATION AND 
ACTIVATION OF NATURAL KILLER CELLS BY 

INTERLEUKIN 12 AND INTERLEUKIN 18 

Bernard R. Lauwerys,1 Jean-Christophe Renauld,2'3 Frederic A. Houssiau1 

We investigated the effects of IL-12 and IL-18 on unstimulated murine splenocytes and observed 
that the two cytokines strongly synergized for their proliferation, whereas IL-12 and IL-18 alone 
were essentially inactive in this respect. Phenotypical and functional analyses of cells prolifer- 
ating in response to IL-12 and IL-18 revealed that large granular Ly-49C+ DX5+ CD3~ NK 
blasts were expanded in these cultures and that they displayed cytotoxic activity against Yac-1 
cells, a murine NK cell target. Further analyses indicated three major differences between NK 
cells appearing in response to IL-12 and IL-18 and those derived in the presence of other NK cell 
growth factors, such as IL-2 or IL-15. First, a population of T-NK cells, i.e. expressing T cell 
(TCRaß, CD3) and NK cell (Ly-49) markers, was detected amongst cells growing in IL-2 or 
IL-15 but not in cultures supplemented with IL-12 and IL-18. Second, most NK cells derived 
with IL-2 or IL-15 expressed the NK1.1 antigen, while those derived with IL-12 and IL-18 did 
not. Finally, striking differences were observed regarding cytokine production. Cells stimulated 
with IL-12 and IL-18 in combination, but not with IL-2 or IL-15, produced IFN-y, IL-3, IL-6 
and TNF. IFN-y was not involved in the response of NK cells to IL-12 and IL-18, as indicated 
by experiments demonstrating that the combination of the two cytokines displayed similar 
effects on spleen cells from IFN-yR-knock-out mice. Receptor (IL-12Rßl, IL-12Rß2 and 
IL-18R) gene expression studies did not indicate that the mechanism underlying the synergy 
between IL-12 and IL-18 involved reciprocal induction of their receptors. Taken together, our 
results demonstrate that IL-12 and IL-18 exert striking synergistic activities for NK cell 
proliferation and activation, distinct from those induced by IL-2 or IL-15. 

© 1999 Academic Press 

Interleukin (IL)12 is a heterodimeric cytokine 
produced by B cells, macrophages and dendritic cells 
that plays a well-known immunoregulatory role by 
promoting cell-mediated immunity, in particular 
through upregulation of IFN-y production.1 Another 
phagocyte-derived cytokine displaying a potent IFN-y- 
inducing activity, provisionally called IGIF (IFN-y- 
inducing factor), was recently cloned2 and re-named 
IL-18.3. Interestingly, IL-12 and IL-18 were found to 
synergize for IFN-y production by human and murine 
T cells.4_6 We and others unmasked a similar synergy 
between the two cytokines for IFN-y production by B 
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cells. Thus, murine naive B cells stimulated with anti- 
CD40 mAb and IL-4 produce huge amounts of IFN-y 
in response to the combination of IL-12 and IL-18.7 

Similarly, activated B cells isolated from mice with 
chronic graft-vs-host disease produce IFN-y after 
stimulation with both cytokines.8 In these two exper- 
imental settings, the synergy between IL-12 and IL-18 
for IFN-y induction accounted for the strong inhibi- 
tion of immunoglobulin (Ig) production exerted by the 
two cytokines.7'8 

These results, by indicating that the synergy 
between IL-12 and IL-18 was operating on at least two 
distinct lymphocyte subsets, prompted us to investigate 
further the effects of IL-12 and IL-18 on normal 
murine splenocytes. This approach led to the intriguing 
observation that the two cytokines strongly synergized 
for the proliferation of unstimulated murine spleen 
cells, whereas IL-12 and IL-18 alone were inactive in 
this respect. 

Characterization of splenocytes proliferating in 
response to IL-12 and IL-18 indicated that they 
belonged to the natural killer (NK) cell lineage and 
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that these NK cells were phenotypically and function- 
ally different from those derived in the presence of IL-2 
or IL-15. 

RESULTS 

Synergistic proliferation and activation ofNK 
cells induced by IL-12 and IL-18 

Nylon wool-filtered splenocytes were cultured in 
the presence or absence of IL-12 and/or IL-18. As 
indicated in Figure 1A, addition of IL-12 and IL-18 
alone had no effect on cell proliferation. By contrast, 
the combination of the two cytokines induced as strong 
a proliferation as that observed with IL-2 (50 U/ml), 
with half-maximal stimulation being obtained with 
10 pg/ml of IL-12 and 50 ng/ml of IL-18. To character- 
ize the cells responding to IL-12 and IL-18, we per- 
formed FACS analyses with T cell (CD3), B cell 
(CD 19), monocyte (Mac-la) and NK cell (Ly-49C, 
DX-5) markers. These experiments revealed that a 
population of large (high FSC), granular (high SSC), 
Ly-49C+ DX5+ CD3" NK blasts was present in 
cultures stimulated with IL-12 and IL-18 (Fig. IB and 
1C). Similar results were obtained with nylon wool- 
filtered splenocytes prepared from C57BL/6 and 129 
mice. 

In order to confirm that cells proliferating in 
response to the combination of IL-12 and IL-18 
belonged to the NK cell lineage, we performed cyto- 
toxity assays using NK-sensitive Yac-1 cells as targets 
and nylon wool-filtered splenocytes as effectors. Spleen 
cells cultured with IL-12 and IL-18 in combination, 
exerted a strong cytotoxic activity, comparable to that 
observed with cells supplemented with IL-2. Again, a 
strong synergy between IL-12 and IL-18 was unmasked 
(Table 1). Cells proliferating in response to IL-12 and 
IL-18 were sorted by flow cytometry on the basis of 
their FSC/SSC pattern (upper-right region in Figure 
1B) and they also displayed a potent cytotoxic activity 
on Yac-1 targets (Table 1). 

Surface markers analysis of cells proliferating in 
response to IL-12 and IL-18, IL-2 or IL-15 

The phenotype of cells proliferating in response to 
the combination of IL-12 and IL-18 was further 
studied and compared to that of cells cultured in the 
presence of IL-2 or IL-15, two other well-known NK 
cell growth factors. Double-labelling experiments 
revealed that Ly-49C+ cells proliferating in response to 
IL-12 and IL-18 consisted of a homogeneous popu- 
lation of Ly-49C+ NK1.1" CD3" NK cells (Figs 2A 
and 2C). While a population of Ly-49C+ blasts was 
also detected in cultures supplemented with IL-2, these 
cells differed from those appearing in cultures supple- 
mented with IL-12 and IL-18 regarding CD3  and 
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Figure 1.    Proliferation of NK cells. 

Nylon wool-filtered Balb/c splenocytes were cultured in the presence 
of the indicated cytokine(s), as described in Materials and Methods. 
Proliferations (mean kcpm ± SEM) were measured by [3H]- 
thymidine incorporation (A). The plots shown in (B) indicate the 
distribution of cells (cultured without or with IL-12 and IL-18) along 
the forward scatter channel (FSC) and the side scatter channel (SSC) 
on flow cytometric analysis. FACS analyses (DX5, Ly-49C) shown in 
(C) were gated on large granular cells appearing in response to IL-12 
and IL-18, as defined by the area depicted in (B). Shaded areas 
correspond to labelling obtained with an isotype-matched control 
mAb. The data presented in A, B and C are representative of 12, 10 
and 8 experiments, respectively. 

NK1.1 expression. Thus, most (80%) Ly-49C+ cells 
present in IL-2 cultures were NK1.1+ (Fig. 2B) and 
could be categorized according to CD 3 expression into 
a Ly-49C+ CD3+ subset of T-NK cells and a Ly-49C+ 

CD3 " subset of NK cells (Fig. 2D). These experiments 
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TABLE 1.   Lytic activity of NK cell populations 

Cytokines added 

IL-12 
Cells E/T ratio None IL-12 IL-18 IL-18 IL-2 

Total N+ cells 100 0 19 0 58 62 
30 0 4 0 41 36 
10 0 0 0 18 33 

3 0 0 0 3 16 
1 0 0 0 2 6 

Sorted cells* 30 ND ND ND 69 61 
10 ND ND ND 27 52 

3 ND ND ND 17 27 
1 ND ND ND 6 13 

Figures represent percentage of specific lysis (SD<10%) of 5ICr-labelled Yac-1 
cells (1 x 103 cells) measured in quadruplicate (for total N+ cells) or triplicate 
(for sorted cells) experiments; effector cells used in the cytotoxity assays have 
been previously stimulated for three days with the indicated cytokines, as 
described in Materials and Methods. 
♦Cells proliferating in response to IL-12 and IL-18 were sorted by flow 
cytometry on the basis of their FSC/SSC pattern (upper-right region in Fig. 
IB). 
E/T: effector/target. N+; nylon wool-filtered. 
These data are representative of four and two distinct experiments performed 
on total N+ and sorted cells, respectively. 

also indicated that cultures supplemented with IL-2 
contained a population of CD3+ T cell blasts 
(Fig. 2D), that were absent in cultures stimulated with 
IL-12 and IL-18. 

We also investigated the effects of IL-15 in our 
experimental setting. IL-15 strongly stimulated the 
proliferation of nylon-wool filtered splenocytes (stimu- 
lation index: 101 and 142 in two experiments) and 
FACS analyses indicated that cells proliferating in 
response to IL-15 were phenotypically similar to those 
responding to IL-2, with three distinct populations 
being identified, namely NK cells (Ly-49C+ CD3"), 
T cells (Ly-49C~ CD3+) and T-NK cells (Ly-49C+ 

CD3+). Again, most (89%) Ly-49C+ cells induced by 
IL-15 were NK1.1+ (data not shown). 

Cytokine production in cultures stimulated with 
IL-12 and IL-18, IL-2 or IL-15 

We measured the concentrations of various 
cytokines in the supernatants from cells stimulated 
with IL-12 and/or IL-18 and compared them to those 
determined in cultures supplemented with IL-2 or 
IL-15. As indicated in Figure 3, IL-12 and IL-18 were 
essentially inactive on their own but strongly syner- 
gized, not only for IFN-y production but also for IL-3, 
IL-6 and TNF induction. By contrast, IL-2 and IL-9 
were not detected in cultures stimulated with IL-12 and 
IL-18. Interestingly, addition of IL-2 or IL-15 had no 
significant effect on the production of IL-3, IL-6, IL-9, 
IFN-y and TNF. 

In order to determine whether IFN-y detected in 
cultures supplemented with IL-12 and IL-18 was pro- 
duced  by  cells  proliferating  in  response  to  these 

CYTOKINE, Vol 11, No. 11 (November, 1999: 822-830) 

cytokines, we performed cytoplasmic IFN-y staining 
experiments by FACS analyses. These experiments 
confirmed that large granular cells appearing in 
response to IL-12 and IL-18, and not those proliferat- 
ing in response to IL-2 or IL-15, produced IFN-y 
(Fig. 4). More specifically, double-labelling exper- 
iments indicated that Ly-49C+ blasts produced IFN-y 
in response to IL-12 and IL-18 (data not shown). 

IFN-y does not mediate the proliferation and 
activation ofNK cells induced by IL-12 and 
IL-18 

Next, we evaluated whether IFN-y was involved 
in the proliferation of NK cells in response to IL-12 
and IL-18. Although large amounts of IFN-y were 
produced by cells stimulated with IL-12 and IL-18, two 
lines of evidence argued against the possibility that 
IFN-y was involved in the proliferation of NK cells 
induced by the two cytokines. First, addition of IFN-y 
to spleen cells did not induce NK-cell proliferation. 
Second, splenocytes isolated from IFN-yR knock-out 
129 mice responded similarly to IL-12 and IL-18 
compared to wild type 129 mice, both in terms of 
proliferation and cytotoxicity (Fig. 5). 

IL-12R and IL-18R gene expression studies 

We wondered whether the synergy between IL-12 
and IL-18 for the proliferation and activation of NK 
cells could be explained by reciprocal induction of their 
receptor. We addressed this issue by RT-PCR analyses 
performed on cDNA synthesized after RNA extraction 
from cells cultured in the absence or presence of IL-12 
and/or IL-18. Specific murine IL-12Rßl, IL-12Rß2 
and IL-18R oligonucleotides were used as primers. For 
the latter, we assumed that the murine IL-18R gene 
was identical to the previously cloned murine IL-1R 
related protein (IL-lRrp) gene, as recently described 
for human cells.9 As indicated in Figure 6, IL-12Rßl, 
IL-12Rß2 and IL-18R gene expression was detected in 
unstimulated cells. Addition of IL-12 and IL-18 
increased IL-12Rß, IL-12Rßl and IL-12Rß2 gene 
expression but did not influence that of IL-18R. These 
results did not support the hypothesis that the mech- 
anism underlying the synergy between IL-12 and IL-18 
involved reciprocal induction of their receptors. 

DISCUSSION 

NK cells play a critical role in innate immunity 
against pathogens, virus-infected cells and tumors 
through MHC-unrestricted cytotoxicity and their 
capacity to produce cytokines. Their function is a 
tightly regulated process, involving activating (CD 16, 
CD2,  CD28 and NKR-P1) and inhibitory (Ly-49, 
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Figure 2.    Surface markers analysis. 

Nylon wool-filtered C57BL/6 splenocytes were cultured with IL-12 and IL-18 (A and C) or with IL-2 (B and D), as described in Materials and 
Methods. After 3 days of culture, cells were double-labelled with fluorochrome-conjugated mAb (anti-NKl.l and anti-Ly-49C in Panels A and 
B; anti-CD3 and anti-Ly-49C in Panels C and D). FACS analyses were gated on large granular cells appearing in response to IL-12 and IL-18 
or to IL-2. Isotype-matched control mAb, using the same cut-off fluorescence values, stained no more than 0.5% of the cells (data not shown). 
The data are representative of two distinct experiments. 

KIR) membrane receptors, the latter recognizing poly- 
morphic MHC class I molecules.10'11 Several cytokines 
stimulate NK cell proliferation and activation, in par- 
ticular IL-2,12 IL-12,13'14 IL-15,15'16 and IL-18.3'17"19 

The experiments presented here demonstrate the exist- 
ence of a striking synergy between IL-12 and IL-18, 
not only for the proliferation but also for the activation 
of NK cells, in particular for cytotoxicity and cytokine 
production. 

Functional comparison of cells appearing in 
response to the combination of IL-12 and IL-18 on the 
one hand, and in response to IL-2 or IL-15 on the 
other hand, revealed several differences. First, Ly-49+ 

NK cells appearing in response to IL-12 and IL-18 
were NK1.1 ~, while most Ly-49+ NK cells detected in 
IL-2- or IL-15-supplemented cultures were NK1.1 + . 
NK1.1, the prototypical mouse NK cell antigen,20'21 is 

a member of the family of NKR-P1 NK cell 
receptors.22 Although its function is currently 
unknown, some data indicate that NK1.1 plays a role 
in target recognition23 and functions as an activating 
signal. Regarding NK1.1 expression, our results con- 
trast with those published recently by Tomura et ai, 
suggesting that IL-18 plays an obligatory role in induc- 
ing NK1.1+ NK cells from murine CD4 " CD8 " slg " 
Ia~ splenocytes.19 In our experimental setting, IL-2 
and IL-15 were capable, on their own, without 
addition of IL-18, to stimulate the proliferation of 
NK1.1+ NK cells. The reasons for this discrepancy are 
unclear but might be related to differences in the 
splenic cell preparations used to derive NK cells. 

Another phenotypical difference between cultures 
derived in the presence of IL-12 and IL-18 and those 
derived with IL-2 or IL-15 was the presence, in the 
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Figure 3.    Cytokine production. 

Nylon wool-filtered Balb/c splenocytes were cultured with the indicated cytokine(s), as described in Materials and Methods. (A) IFN-y; (B) IL-3; 
(C) IL-6; (D) TNF concentrations (mean ± SEM) were measured in supernatants from duplicate or triplicate cultures by specific bioassays 
performed in quadruplicate cultures. The data are representative of 3 distinct experiments for IFN-y and IL-6 and 2 experiments for IL-3 
and TNF. 

latter, of a population of T-NK cells (Ly-49+ CD3+) 
that was not detected amongst cells responding to 
IL-12 and IL-18. T-NK cells represent a small percent- 
age of T cells expressing both T cell (TCRaß, CD3) 
and NK cell (Ly-49) antigens.24 Their tissue distribu- 
tion, i.e. mainly in the bone marrow and the liver, 
where T-NK cells represent roughly one third of 
mature T cells, is puzzling and raises some questions 
regarding their function. T-NK cells have a restricted 
TCR repertoire, are cytotoxic and secrete large 
amounts of cytokines, in particular IL-4,25 which may 
contribute to skew the immune response towards a Th2 
phenotype. 

A third difference between cells derived with IL-12 
and IL-18 and those grown in IL-2 or IL-15 relates to 
their pattern of cytokine production, as only the 
former produced IFN-y, IL-3, IL-6 and TNF. The role 
of IL-12 and IL-18 as inducers of cytokine production 
by NK cells is likely to be of critical importance in 
innate immune responses against tumour cells, 
pathogens and virus-infected cells, a process in which 
cytokine production is thought to be a pivotal 
physiological event. 

We examined several possible mechanisms that 
could mediate the effects of IL-12 and IL-18 on NK 

cells. The experiments performed in IFN-yR-knock- 
out mice clearly demonstrated that IFN-y is not 
involved in the synergy between the two cytokines. We 
also tested the possibility that IL-2 or IL-6 mediates 
NK activation induced by IL-12 and IL-18. Addition 
of blocking anti-IL2Ra (CD25) or anti-IL6 mAb to 
cultures stimulated by IL-12 and IL-18 failed to block 
the proliferative responses induced by the two 
cytokines (data not shown), thereby indicating that 
IL-2 and IL-6 were not likely to be involved in the 
process. 

We next investigated whether the synergy between 
IL-12 and IL-18 was related to the induction by IL-12 
of IL-18R gene expression, as recently demonstrated 
by Ahn et al. for IFN-y production by an IL-12- 
responsive murine T cell line (2D6) and by naive 
murine T cells stimulated with anti-CD3 and anti- 
CD28 mAb, that were shown to express IL-18R after 
exposure to IL-12.26 by RT-PCR analyses, we 
observed that IL-12Rßl, IL-12Rß2 and IL-18R were 
constitutively expressed on unstimulated nylon wool- 
filtered splenocytes, and not reciprocally induced by 
IL-12 and IL-18. It should be stressed, however, that 
this issue is difficult to address in our experimental 
setting, as NK cell precursors represent only a small 
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Figure 4.   Intracytoplasmic IFN-y staining. 

Nylon wool-filtered Balb/c splenocytes were cultured with IL-12 and 
IL-18 (A and B), IL-2 (C) or IL-15 (D), as described in Materials and 
Methods, before being fixed, permeabilized with saponine and 
labelled with an FITC-conjugated anti-IFN-y mAb. FACS analyses 
were gated on large granular cells appearing in response to the 
corresponding cytokine(s). (B) illustrates the reversion of intracyto- 
plasmic IFN-y staining in cells cultured with IL-12 and IL-18, by 
addition of exogenous IFN-y during labelling procedure. Shaded 
areas correspond to autofluorescence. The data are representative of 
5 distinct experiments. 

percentage of splenocyte populations, thereby prevent- 
ing correct interpretation of the results at the single cell 
level. 

An alternative explanation for the synergy 
between the two cytokines might be related to "post- 
receptor" events. In this respect, IL-12 and IL-18 were 
recently found to differentially regulate the transcrip- 
tional activity of the human IFN-y promoter in pri- 
mary CD4+ lymphocytes, with IL-18 causing direct 
activation of AP-1 whereas both AP-1 and STAT4 
are required for IL-12-dependent IFN-y promotor 
activation.27 

Taken together, the results reported here demon- 
strate that the combination of IL-12 and IL-18 displays 
unique NK-cell activating properties, distinct from 
those exerted by other NK-cell growth and differentia- 

tion factors, in particular regarding cytokine produc- 
tion. These observations might be relevant not only for 
anti-tumour responses but also in autoimmune dis- 
eases. In the latter, an immunoregulatory role for NK 
cells has been recently postulated, e.g. through 
up-regulation of TGF-ß production and, thereby, 
downregulation of inappropriate B-cell immune 
responses. 

MATERIALS AND METHODS 

Cytokines 

Murine rIL-12 and rIL-18 were purchased from R&D 
Systems Europe Ltd. (Abingdon, UK), as was human rIL-15 
(which is active on murine cells). In some experiments, we 
used rIL-18 obtained from Peprotech EC Ltd. (London, 
UK). Murine rlFN-y was a kind gift from Dr W. Fiers 
(University of Ghent, Belgium) and human rIL-2 was pur- 
chased from Eurocetus (Chiron Corporation, Amsterdam, 
The Netherlands). The following cytokine concentrations 
were used: 1 ng/ml for IL-12, 400ng/ml for IL-18 obtained 
from R&D Systems Europe Ltd., 100 ng/ml for IL-18 
obtained from Peprotech EC Ltd., 50 ng/ml for IL-15, 50 U/ 
ml for IL-2, and 100 ng/ml for IFN-y. 

Purification and stimulation of splenocytes 

Balb/c, C57BL/6, 129 and IFN-yR-knock-out 129 mice 
(G129) were bred in our animal facility. The latter, initially 
derived by Dr S. Huang and Dr M. Aguet29 were obtained 
through the courtesy of Dr F. Brombacher (Max Planck 
Institute for Immunobiology, Freiburg, Germany). Spleno- 
cytes from 12-week-old female mice were prepared by 
Lymphoprep (Nycomed AS, Oslo, Norway) density gradient 
centrifugation. Adherent cells were removed by nylon wool 
filtration and the remaining cells were seeded at a density of 
3 x 106 cells/well in 24-well plates in DMEM supplemented 
with 10% FCS, 50 uM 2-ME, 0.55 mM L-arginine, 0.24 mM 
L-asparagine and 1.25 mM L-glutamine. Cells were stimu- 
lated with various additives and harvested three days later for 
FACS analyses, cytotoxicity assays, and/or RNA extraction. 
Cytokine concentrations were measured in their super- 
natants. For proliferation assays, nylon wool-filtered spleno- 
cytes were stimulated in triplicate cultures for 48 h at a 
density of 2 x 105 cells/well in microtitre plates and pulsed 
overnight with [3H]-thymidine (0.5 nCi/well). 

FA CS analyses 

Cells were washed and incubated first with an anti- 
CD 16/32 (FcyRIII) mAb (Pharmingen, San Diego, CA; 
10 uy/ml) (to prevent aspecific binding of mAb to FcyR) in a 
sodium phosphate (1 mM, pH = 7.4) buffer containing 
137 mM NaCl, 5 mM KC1, 0.4 mM MgS04, 0.3 mM MgCl2, 
5 mM glucose, 4 mM NaHC03, 1 mM EDTA, 3% FCS and 
20 mM sodium azide. Cells were further stained with a PE- 
and/or a FITC-conjugated mAb directed against surface 
antigens (or with a biotinylated mAb followed by 
streptavidine-PE; Pharmigen, San Diego, CA). Cells were 
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Figure 5.    Effects of IL-12 and IL-18 on IFN-yR-knock-out splenocytes. 

Nylon wool-filtered 129 (A and C) or IFN-yR-knock-out 129 (B and D) splenocytes were cultured with the indicated cytokines(s), as described 
in Materials and Methods. Cytotoxic activity against Yac-1 cells was determined at different effector/target (E/T) ratios by slCr-release assays. 
(•), IL-12 + IL-18; (O), IL-2; (D), control (A and B). Proliferations (mean ± SEM) were measured by [3H]-thymidine incorporations (C and D). 

fixed in paraformaldehyde (0.6%) before being analysed by 
flow cytometry (Becton Dickinson, Mountain View, CA). 

The following fluorochrome-conjugated mAb used for 
FACS analyses were purchased from Pharmingen (San 
Diego, CA): anti-DX5, anti-Ly-49C, anti-NKl.l, anti-CD3, 
anti-CD19, and anti-IFN-y. Anti-Mac-la was purified from 
culture supernatants of ATCC clone Ml/70 and biotinylated 
in our laboratory. Fluorochrome-conjugated unrelevant 
isotype-matched mAbs (Pharmingen, San Diego, CA) were 
used as controls. 

NK1.1 labelling experiments were performed on 
C57BL/6 splenocytes, as Balb/c cells do not transcribe any of 
the known NKR-P1 genes, including NK1.1.22 

For intracellular IFN-y staining experiments, cells were 
fixed in a 4% paraformaldehyde solution for 20 min, before 
being permeabilized in ice-cold PBS containing 0.1% sapo- 
nine and 1% FCS. A PE-conjugated anti-IFN-y mAb 
(1.25 ug/ml) was added for 30 min. To confirm the specificity 
of the intracellular labelling, similar experiments were 
performed in the presence of exogenous IFN-y (1.5 ug/ml). 

Cytotoxicity assays 
Yac-1 cells (1 x 103 cells/well), a murine NK cell target, 

were 51Cr-labelled and incubated for 4 h in U-shaped micro- 

titre wells with effector populations at various effector/target 
ratios in quadruplicate cultures. 51Cr release was determined 
in supernatants and specific lysis was calculated as the ratio: 
[measured 51Cr release minus minimal 51Cr release (targets 
alone)]/[maximal 51Cr release (targets in 1% triton) minus 
minimal 51Cr release]. 

Cytokine assays 
IFN-y titres were measured by PACIA (particle count- 

ing immunoassay)30 using latex particles coated with two rat 
anti-mouse IFN-y mAbs (R46A2 and XMG1.2), both pur- 
chased from Endogen (Woburn, USA). IL-2, IL-3, IL-6, IL-9 
and TNF titres were measured on CTLL-2, Ba/F3, 7TD1,311 

TS132 and WEHI 164 cells, respectively. 

RNA extraction and reverse-transcriptase PCR 
analyses 

Cells were lysed in TriPur (Bcehringer Mannheim 
GmbH, Mannheim, Germany) and total RNA was purified 
by chloroform extraction. cDNA was synthesized by using 
oligo(dT) primers (Bcehringer Mannheim GmbH) and 
murine Moloney leukaemia virus reverse-transcriptase (Life 
Technologie Inc., Grand Island, NY). Diluted cDNA was 
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Figure 6.   IL-12R and IL-18R gene expression. 

Nylon wool-filtered Balb/c splenocytes were cultured with the indi- 
cated cytokines(s). RT-PCR analyses were performed with primers 
specific for the indicated receptors, as described in Materials and 
Methods, ß-actin, IL-12Rß2 and IL-18R RT-PCR products were 
analysed by agarose gel electrophoresis while IL-12Rßl RT-PCR 
products were blotted onto nylon filters before hybridization with an 
32P-labelled IL-12Rßl internal oligonucleotide. cDNA synthesized 
from con A-stimulated DBA/2 splenocytes was used as a positive 
control (Pos), while the negative control PCR (Neg) was performed 
without addition of cDNA. The data are representative of 4, 2 and 3 
experiments for IL-18R, IL-12Rßl and IL-12Rß, respectively. 

amplified by PCR using recombinant Taq DNA polymerase 
(Takara, Shiga, Japan) and specific primers for mß-actin 
(5'-ATGGATGACATATCGCTGC-3'; 3'-GAGTGACAG 
GTGGAAGGTCG-5'), mIL-12Rßl (5'-CTGCGAGGCTG 
AAGACGG-3'; 3'-GTCTCCGTCTCCGTCCAC-5'), mlL- 
12Rß2 (5'-CATCACGAAGTTTCCCCCAC-3'; 3'-CGTAG 
CGATAGTAGTGCCAC-5'), and mIL-18R (5'-AGAAGC 
CATAGACACCAAGA-3'; 3'-TATGAAAACGACACCT 
CTGC-5'). PCR was performed as follows: 1 min at 94°C, 
followed by 1 min at 60°C for ß-actin, 55°C for IL-12Rßl, 
55°C for IL-12Rß2, 50°C for IL-18R and by 2 min at 72°C 
for 25 (ß actin) or 35 (IL-12Rßl, IL-12Rß2 and IL-18R) 
cycles. The ß-actin, IL-12Rß2 and IL-18R PCR products 
were analysed by agarose gel electrophoresis. The IL-12Rßl 
PCR products were blotted on nylon filters and hybridized 
with a 32P-labelled IL-12Rßl internal oligonucleotide 
(5'-ATTTCCCGTTTATCCATCATT-3'). 
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DIFFERENTIAL REGULATION BY IL-4 AND IL-10 
OF RADIATION-INDUCED IL-6 AND IL-8 

PRODUCTION AND ICAM-1 EXPRESSION BY 
HUMAN ENDOTHELIAL CELLS 

Anne Van der Meeren, Claire Squiban, Patrick Gourmelon, Helene Lafont, 
Marie-Helene Gaugler 
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Radiation exposure results in an inflammatory reaction with acute as well as subacute 
consequences. Leukocyte infiltration is one of the predominant early histological changes and 
involves both cytokines and adhesion molecules. Endothelial cells play a key role in this reaction. 
We have previously shown the increased production of interleukin 6 (IL-6) and IL-8 and the 
upregulation in intercellular adhesion molecule 1 (ICAM-1) expression by HUVEC following y 
ray exposure. In the present study, we used the cytokines IL-4 and IL-10 to regulate these 
radiation-induced manifestations. Human umbilical vascular endothelial cells (HUVEC) were 
treated with IL-4 and IL-10 (50 pg/ml) either before or after 10- Gy irradiation. Three and seven 
days after irradiation, IL-6 and IL-8 production by HUVEC (either treated or non-treated) was 
assessed by enzyme-linked immunosorbent assay (ELISA). Our results show that IL-4, when 
added after irradiation, reversed the radiation-induced increase in IL-8 production, although 
slightly increased IL-6 production. IL-10 decreased both IL-8 and IL-6 production when added 
after irradiation. ICAM-1 expression was evaluated 3 days after irradiation by flow cytometry. 
The radiation-induced upregulation in ICAM-1 expression remained unaffected by the use of 
IL-4. Altogether, our results show that radiation-induced endothelial cell activation may be 
ameliorated by IL-4 and/or IL-10, which is of significance in designing strategies for 
cytokine-mediated intervention and/or therapy of radiation damage. 

© 1999 Academic Press 

Inflammation is a complex response of tissues to 
injury involving a network of signals leading to 
endothelial cell activation and leukocyte recruitment. 
Cytokines and adhesion molecules play a major role in 
inflammatory response. Inflammatory reaction is also 
a classical pathophysiological response to radiation 
exposure and could contribute to tissue damage by 
exacerbation of the direct damage of ionizing radia- 
tion. Histological changes are observed as early as a 
few hours after irradiation and are characterized by 
neutrophil infiltration of irradiated tissues.13 Long 
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term consequences of inflammatory reaction, such as 
fibrosis, are also frequently described. The mechanism 
leading to the radio-inflammatory process is poorly 
understood. Endothelial cells (ECs), key effectors of 
inflammatory reactions, seem to be involved partly 
through the upregulation of adhesion molecule expres- 
sion and the release of cytokines. We have recently 
shown that y exposure of ECs leads to an enhanced 
production of the pro-inflammatory cytokines IL-6 
and IL-84 and to the upregulation of ICAM-1 expres- 
sion correlated with augmented adhesion of neu- 
trophils to irradiated ECs.5 These manifestations were 
dose dependent and maintained up to 10 days after y 
exposure, suggesting that these molecules could be 
implicated in the regulation of the traffic of leukocytes 
following local irradiation and to the development and 
maintenance of an inflammatory process. 

The inflammatory state of many cell types can 
be controlled by regulatory cytokines such as IL-4 
and IL-10. IL-4 and IL-10 are mainly produced by 
activated T cells of the TH2 subset (for review, see 
Refs 6~8). These agents are potent immuno-regulatory 
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TABLE 1.   Effect of IL-4 and/or IL-10 on the number of cells either irradiated or not 

IL-4 IL-10 IL-4+IL-10 

Non-irradiated cells 

10-Gy irradiated cells 

Day 3 
Day 7 
Day 3 
Day 7 

1.24 ±0.05** 
1.37 ±0.7** 
1.54±0.13** 
1.51 ±0.14** 

1.1 ±0.04 
1.15 ±0.06* 
1.68 ±0.01** 
1.56 ±0.12** 

1.17 ±0.06* 
1.64 ±0.14** 
1.68 ±0.15** 
2.54 ± 0.24** 

*P<0.05, **P<0.01 
IL-4 and/or IL-10 were added 3 h after irradiation. The number of viable cells was determined 3 and 7 days after irradiation. Results 
are expressed as fold increase in the number of cells in the presence of IL-4 and/or 11-10 as compared to control cells. P values 
represent the result of statistical analysis between the non treated group and the IL-4 and/or IL-10 treated group as determined by 
the non-parametric Mann-Whitney test. 

cytokines and have been shown to attenuate activation 
of a variety of immunocompetent cells, such as pro- 
inflammatory cytokine production or expression of 
adhesion molecules both in vitro and in vivo.9^12 The 
role of IL-4 seems to depend on both the nature of 
target cells and the nature of the activating stimulus on 
immunocompetent cells and ECs. A large number of 
authors have studied the effects of IL-4 on ECs show- 
ing both activating and anti-inflammatory properties. 
IL-4 induces the adhesion of T cells on ECs due to the 
induction of VCAM-1 expression,1316 and increases 
the production of IL-6 and MCP-1.17"19 However, the 
IFN-y induced production of RANTES is inhibited 
after IL-4 treatment.20 IL-8 production seems to be 
unchanged by IL-4 on unstimuled HUVEC but 
upregulated after LPS activation.21 The role of IL-4 on 
ICAM-1 expression is not clear: ICAM-1 is either 
downregulated22 or unchanged15 after addition of IL-4 
depending on activation factors and the source of ECs. 
Only few studies have been carried out on the conse- 
quences of IL-10 treatment on ECs. The induction of 
E-selectin expression is observed after treatment of 
ECs with IL-1023 although ICAM-1 and VCAM-1 are 
downregulated.24 Contradictory results are obtained 
concerning IL-8 and IL-6 production depending on the 
agent used to activate ECs and on the type of ECs.21'25 

In general, IL-10 may be useful in some inflammatory 
conditions in which overexpression of cytokines plays 
an important role in pathogenesis. Several potential 
clinical applications have been proposed.26 The effects 
of IL-10 on irradiated micro vascular cells resulted in 
either a decrease in radiation-induced ICAM-1 expres- 
sion in the presence of LPS or no effect in its 
absence.27'28 

In order to limit the development of the radiation- 
induced inflammatory reaction, we used two cytokines, 
IL-4 and IL-10, and assessed their effect on IL-6 and 
IL-8 production and expression of ICAM-1 by in vitro 
irradiated endothelial cells. Different times of treat- 
ment with anti-inflammatory cytokine relative to the 
time of irradiation were tested. By modulating the 
response of ECs to ionizing radiation, IL-4 and IL-10 
may regulate pro-inflammatory cytokine production 

and adhesion molecule expression and hence influence 
the nature and the progression of inflammatory 
response. Such mechanisms could then be explored 
to develop intervention and therapeutic approaches 
following radiation exposure. 

RESULTS 

Assessment of IL-4 and IL-10 production by 
HUVEC 

IL-4 has been shown to be released after 
irradiation by alveolar macrophages29 and lym- 
phocytes.30 Although IL-4 has never been shown to be 
produced by ECs, we assessed the presence of IL-4 in 
the cell supernatant. IL-4 was not detectable by ELISA 
(detection limit of the assay: 31.3 pg/ml) neither in the 
control nor in the irradiated cells. 

IL-10 has also been shown to be induced by UV 
exposure both in vivo and in vitro in serum or super- 
natants of cultures of keratinocytes.31"33 Therefore, we 
studied the release of IL-10 in the supernatant of 
HUVEC either irradiated or not. IL-10 remained un- 
detectable in both conditions (detection of the assay: 
15.4 pg/ml). 

Effect of IL-4 and IL-10 on cell number 
IL-4 causes a slight proliferation of non-irradiated 

cells (Table 1) as previously described by others34 

although IL-10 had no effect. When used together, 
IL-4 and IL-10 promoted the growth of HUVEC. 

Irradiation exposure to a dose of 10 Gy induces a 
loss of cells, which was 2-fold three days after y 
exposure and 4.1-fold 7 days after (data not shown). 
We determined if a treatment with regulatory cytokine 
could have any effect on this loss of cells. 

The use of IL-4 or IL-10 3 h after irradiation 
limited the decrease in the cell number caused by 
irradiation exposure both 3 and 7 days after 
irradiation. Furthermore, IL-4 and IL-10 had an addi- 
tive effect on irradiated cells since there were 2.5-fold 
more cells in treated than in non-treated cultures 
7 days after irradiation (P<0.001 when compared to 
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each group treated with either cytokine alone). How- 
ever, cytokine stimulation did not reverse fully the 
damaging effect of irradiation since after treatment, 
irradiated cells remained in a lower number than the 
non-irradiated cultures. 

IL-4 amplifies the radiation-induced production of 
IL-6 while inhibiting the radiation-induced 
overproduction ofIL 8 by HUVEC three days 
after exposure 

Effect on IL-6 production 

IL-6 secretion was increased by adding of IL-4 
to non-irradiated cells, as previously shown by other 
investigators.18'19'35 In our culture conditions, 
constitutive production of IL-6 was 16 pg/103 cells. 
Enhancement following IL-4 treatment was 1.8-fold. 

After irradiation alone IL-6 production was 
42 pg/103 which corresponds to a 2.6 fold increase as 
compared to non-irradiated cells (Fig. 1A). 

To test the consequence of IL-4 treatment on this 
radiation-induced increase in IL-6 production, IL-4 
was added either before or after 10-Gy irradiation. 
In all experimental conditions, IL-4 increased the 
radiation-induced production of IL-6. However, IL-6 
production was higher when IL-4 was added 1 h before 
or concomitantly (respectively 3-fold and 2.8-fold 
increase as compared to irradiated non-treated cells) 
than 3 h or 24 h after irradiation (respectively 1.7-fold 
and 1.3-fold increase) (Fig. IB). 

Effect on IL-8 production 

The addition of IL-4 on sham irradiated HUVEC 
was followed by a decrease of 35% in IL-8 production 
(from 83 to 54 pg/103 cells). Irradiation of 10-Gy lead 
to increased production IL-8 (1.8-fold) (Fig. 1A). 

IL-4 was able to reduce the radiation-induced 
increase in IL-8 production 3 days after radiation 
exposure whatever the time of treatment (Fig. IB). 
However, IL-4 was more efficient when added 3 h after 
irradiation than 1 h before (respectively 64% and 13% 
inhibition, P<0.01 between both groups). Further- 
more, when IL-4 was added 3 h after irradiation, IL-8 
production by irradiated cells returned to a level of 
production lower but not significantly different from 
basal production by non-irradiated control cells 
(respectively 57 and 83 pg/103 cells). 

IL-10 decreases both the radiation-induced IL-6 
and IL-8 production 3 days after irradiation 

Effect on IL-6 production 

IL-10 did not significantly change the constitutive 
IL-6 production by HUVEC (Fig. 2A). In all exper- 
imental conditions, IL-10 was able to reduce the 
radiation-induced IL-6 production and was still effec- 
tive when added 24 h after radiation exposure with a 

200 

Irradiation     - 

IL-4 

X) 

a 

I 
H-l     HO     H + 3H + 24 H-l     HO     H + 3H + 24 

Time of IL-4 addition according to irradiation (h) 

Figure 1. IL-6 (D) and IL-8 (■) production by HUVEC 3 days after 
IL-4 treatment. 

Effect of IL-4 and 10-Gy irradiation on constitutive production of 
IL-6 and IL-8 assessed by ELISA (A). Values represent the 
mean ± SEM of three to five independent experiments performed in 
triplicate. Statistical differences are related to non irradiated non- 
treated cells. Effect of IL-4 on 10 Gy-irradiated cells (B). Fifty pg/ml 
of IL-4 were added 1 h before (H-l), concomitantly (HO), 3 h (H + 3) 
or 24 h (H + 24) after irradiation. Results are expressed as fold 
increase in the number of cells in the presence of IL-4 as compared to 
control cells (mean ± SEM of three to five independent experiments 
performed in triplicate). Statistical differences are calculated compar- 
ing the IL-4 treated groups to the non-treated groups. 

17% decrease as compared to non-treated cells 
(Fig. 2B). When IL-10 was added 3 h after irradiation 
the efficiency seemed slightly better (34% decrease). 

Effect on IL-8 production 

The constitutive production of IL-8 was not sig- 
nificantly modified by the use of IL-10, confirming 
previous data.21 Similar results were obtained with 
10-Gy irradiated cells when cells were treated with 
IL-10 1 h before irradiation. When IL-10 was added 3 
or 24 h after irradiation, a decrease of approximately 
40% in the radiation-induced production of IL-8 was 
observed (Fig. 2B), giving a level of production not 
significantly different from non-irradiated non treated 
cells. 
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TABLE 2.   Effect of IL-4 or IL-10 on IL-6 production by 
HUVEC 7 days after irradiation 

Irradiation     -       - 

IL-10 -       + 

a o 

13 

a 

H -1     HO     H + 3H + 24 H-l     HO     H + 3H + 24 

Time of IL-10 addition relative to irradiation 

Figure 2. IL-6 (□) and IL-8 (■) production by HUVEC 3 days after 
IL-10 treatment. 

Effect of IL-10 and 10-Gy irradiation on constitutive production of 
IL-6 and IL-8 assessed by ELISA (A). Values represent the 
mean ± SEM of three to five independent experiments realized in 
triplicate. Statistical differences are related to non irradiated non 
treated cells. Effect of IL-10 on 10-Gy irradiated cells (B). Fifty pg/ml 
of IL-10 were added 1 h before (H-l), concomitantly (HO), 3 h (H + 3) 
or 24 h (H + 24) after irradiation. Results are expressed as fold 
increase in the number of cells in the presence of IL-10 as compared 
to control cells (mean ± SEM of three to five independent exper- 
iments realized in triplicate). Statistical differences are calculated 
comparing the IL-10 treated groups to the non-treated groups. 

Long term effect of IL-4 and IL-10 on IL-6 and IL-8 
production by irradiated HUVEC 

To evaluate the sustained regulatory potential of 
IL-4 and IL-10, we measured the production of IL-6 
and IL-8 by HUVEC 7 days after radiation exposure. 
Three days after exposure, the increase in IL-6 and 
IL-8 content in irradiated cells as compared to non- 
irradiated cells was 2.6- and 2-fold, respectively. 
Seven days after irradiation, the increases were 8- and 
7.2-fold respectively (data not shown). 

Irradiated cells were first treated with IL-4 or 
IL-10 3 h after radiation exposure, and not retreated at 
the medium change 4 days after irradiation. 

Seven days after irradiation, both IL-4 and IL-10 
decreased the radiation-induced production of IL-6 

IL-4 IL-10 

IL-6 IL-8 IL-6 IL-8 

0.52 ±0.05 
P<0.0001 

0.45 ± 0.07 
P<0.0001 

0.75 ± 0.07 
P<0.05 

0.47 ± 0.06 
P<0.0001 

IL-4 or IL-10 were added 3 h after irradiation and not re-added to the culture 
at the medium change. Results are expressed as fold increase in IL-6 or IL-8 
production by irradiated HUVEC in the presence of IL-4 or IL-10 as 
compared to irradiated cells in the absence of IL-4 or IL-10 and are the 
mean ± SEM of 6 to 12 values. P values represent the result of statistical 
analysis between IL-4 or IL-10 treated group and non treated group, as 
determined by the non-parametric Mann-Whitney test. 

(Table 2) in proportion similar to what is observed 
3 days after irradiation. 

The effects of IL-4 and IL-10 on IL-8 produc- 
tion were persistent, although the radiation- 
induced enhancement of IL-8 production was more 
pronounced (Table 2). 

Effect of IL-4 on ICAM-1 expression 

We studied the basal expression of ICAM-1 fol- 
lowing IL-4 addition on HUVEC and the activity of 
IL-4 on the radiation-induced upregulation of ICAM-1 
in our experimental conditions. IL-4 was added on 
non-irradiated cells or on 10-Gy irradiated cells, 3 h 
after irradiation. Three days after y exposure, ICAM-1 
expression by irradiated cells was 2.3 times higher than 
of control cells, thus confirming our previously pub- 
lished results obtained on resting cells. However, a 
change in ICAM-1 level was not observed after adding 
IL-4 to either non-irradiated cells or to y-exposed cells. 

DISCUSSION 

It is generally recognized that counteraction of the 
inflammatory response to radiation is important to 
attenuate acute radiation effects and prevent chronic 
consequences.36 The most widely available anti- 
inflammatory drugs are glucocorticosteroids, which, 
however, do not always give beneficial results. In the 
last 10 years new insights into inflammation mech- 
anisms have emerged with the identification of pro- 
inflammatory cytokines and their antagonists. It is 
of interest to explore these new agents and their 
mechanisms in overcoming the radiation-induced 
inflammatory reaction. 

ECs have been the target of various treatments for 
radiation damage.3"9 Only few studies describe the 
use of the more recently available cytokines in the 
treatment of inflammation after radiation exposure. A 
recent report has shown the inhibiting role of IL-11 on 
pro-inflammatory  cytokine  production   by  alveolar 
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macrophages following thoracic irradiation, 
accompanied by an improvement of survival.40 Some 
authors have demonstrated the inhibition by IL-10, of 
LPS-induced apoptosis and ICAM-1 upregulation. 
However, no effect on these parameters were seen 
on irradiated ECs.27'28'41'42 In the present work, we 
attempted to limit both the inflammatory response of 
ECs and the direct radiation damage. Irradiation has 
deleterious effects on cells resulting either from mitotic 
death or apoptosis as it has been widely shown. This 
is illustrated in the present study by a progressive 
diminution in the number of cells in the culture. IL-4 is 
a mitogenic factor for endothelial cells. More interest- 
ingly, it was able to limit the decrease in cell number 
resulting from the 10-Gy irradiation, even when added 
up to 24 h after radiation exposure. The protection of 
ECs towards deleterious action of radiation is of 
importance from a therapeutic perspective since dis- 
ruption of endothelium can result in promoting the 
development of late lesions such as vascular damage 
and fibrosis.43 IL-10 did not modify the growth of 
non-irradiated HUVEC but, similar to IL-4, was able 
to limit the loss of cells induced by y exposure. 
Moreover, when added together, the two cytokines 
were more efficient than each cytokine used alone. 

It has been shown that cytokines as well as 
adhesion molecules are involved in the recruitment 
and extravasation of leukocytes following radiation 
exposure.2'44 We have previously demonstrated the 
enhancement of IL-6 and IL-8 production by HUVEC 
following irradiation. This increase was dose depen- 
dent and persistent (up to 10 days after radiation 
exposure). In the present study we asked whether the 
use of immunoregulatory cytokines such as IL-4 and 
IL-10 could limit the radiation-induced inflammatory 
response of HUVEC by limiting the radiation-induced 
production of IL-6 and IL-8 and the upregulation of 
ICAM-1 expression. 

To our knowledge, there are no data available 
concerning the regulation of cytokine production by 
irradiated ECs. 

The anti-inflammatory role of IL-4 on ECs is 
controversial. Briefly, IL-4 seems to have no effect on 
non-stimulated cells but mainly promotes inflamma- 
tory reactions when used on ECs activated by tumour 
necrosis factor a (TNF-a), IL-1 or LPS. Because 
radiation-induced increase in IL-6, IL-8 and ICAM-1 
occur independently of TNF-a and IL-1 and because 
TNF-a and ionizing radiation seemed to have distinct 
mechanism of action,4'5 we studied the effect of IL-4 
and/or IL-10 on the radiation-induced inflammatory 
response of HUVEC. 

We have shown that IL-10 decreased both IL-6 
and IL-8 production although IL-4 diminished only 
IL-8 production, suggesting differential regulatory 
mechanisms.   When   added   after   irradiation   IL-4 

increased IL-6 production but to a lesser extent that 
when added before. Under some conditions, the two 
regulatory cytokines fully reversed the radiation- 
induced increase in inflammatory cytokine production. 
An effect of IL-4 was not seen on the radiation-induced 
ICAM-1 increase. These results suggest differences in 
the mechanism of induction of IL-6 and IL-8 produc- 
tion and ICAM-1 expression by y exposure. Our 
previously published studies lead to similar primary 
conclusions, since IL-6 and IL-8 overproduction did 
not result from transcriptional activation, although 
upregulation of ICAM-1 did.4'5 

IL-6 and IL-8 have been shown to be involved in 
inflammatory reaction. Substantial data are available 
on the inflammatory effect of IL-6 such as induction of 
acute phase proteins by the liver and fever.45 However, 
IL-6 has also been considered as an anti-inflammatory 
cytokine because of its ability to induce IL-1 and 
TNF-a antagonists.46 IL-8 is a chemoattractant for 
neutrophils. ICAM-1 mediate firm adhesion of rolling 
leukocytes to the endothelium and is required for trans- 
endothelial migration into tissues.47'48 A complex net- 
work of signals involving sequentially chemokines and 
adhesion molecules occur during inflammatory process 
so allowing the migration of leukocytes to damaged 
tissues. Both IL-8 and ICAM-1 may contribute to the 
recruitment of leukocytes following irradiation. We 
have shown the down regulation of IL-6 and IL-8 by 
IL-10, and IL-8 by IL-4. We and others27 could not see 
any effect of IL-4 and IL-10 on radiation-induced 
ICAM-1 over-expression. However, limiting one step 
of the inflammatory process cascade, might limit the 
afflux of leukocytes, and thus control the nature and 
the progression of the inflammatory reaction. This 
can be of benefit since it has been widely shown that 
inflammatory reaction is intrinsically destructive for 
surrounding tissues. In addition, an early release of 
cytokines could be responsible for late damage leading 
to the hypothesis of a perpetual cascade of cytokines 
initiating radiation-induced late effects.49 

We also determined if observations made on 
irradiated HUVEC were still observed 7 days after 
exposure. In previous studies we showed that ECs 
inflammatory response to irradiation was more pro- 
nounced when time increased at least up to 2 weeks 
after irradiation (data not shown). The effect of IL-4 
and IL-10 was maintained 7 days after irradiation 
when IL-6 and IL-8 production were increased by 7- 
and 8-fold, respectively, as compared to non-irradiated 
cells and even if IL-4 and IL-10 were not readded to 
the culture at the medium change. This demonstrates 
that a single addition of regulatory cytokines to irradi- 
ated HUVEC is able to maintain a low level of IL-6 
and IL-8 production up to 7 days after irradiation. 

Our results have underlined the influence of the 
treatment   scheduling   according   to   the   time   of 
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irradiation, with a better anti-inflammatory effect when 
treatment was made after irradiation. This is of great 
importance when designing new strategies using phar- 
macological doses of cytokines. Most of the studies use 
regulatory cytokines in pretreatment or added together 
with the activating factor. When tested, the time of 
treatment according to the stimulus did not seem to 
interfere with the results.16'50 

We have shown that y exposure of HUVEC leads 
to an enhanced production of IL-6 and IL-8, which can 
be regulated by IL-4 and IL-10. These effects are 
maintained at least up to 7 days after irradiation and 
are still observed even when the treatment was made 
up to 24 h after irradiation exposure. These two obser- 
vations suggest that the cytokines IL-4 and IL-10 
might be good candidates for a prospective study 
on the therapeutic potential in radiation-induced 
inflammatory reactions. 

MATERIALS AND METHODS 

Cell culture 
HUVEC were obtained from ATCC and routinely cul- 

tured as described previously.4 Briefly, cells were grown in 
gelatin-coated dishes in F12K medium (Sigma, France) sup- 
plemented with 20% fetal calf serum (Gibco-BRL, France), 
glutamine, heparin (Sigma, France), endothelial cell growth 
supplement 60 ug/ml (Sigma, France) and antibiotics referred 
thereafter as complete medium. They are nearly diploid, 
non-transformed cells and were free of mycoplasm. Three 
different batches of cells from passages 4 to 9 after ATCC 
freezing (passage 12) were used in this study. 

Irradiation procedure and cytokine treatment 
For irradiation experiments, 1.5-2 x 104 cells/cm2 were 

plated in flasks or 24-well dishes in complete culture medium. 
Three days thereafter, medium was replaced by fresh com- 
plete medium and semi confluent cells were irradiated with a 
dose of 10 Gy at 1 Gy/min with a 60Co source (ICO 4000). 
The sham irradiated controls were treated in the same 
conditions. 

To test the effect of anti-inflammatory cytokines IL-4 
and IL-10 on IL-6 and IL-8 production by HUVEC, cells 
were treated either 1 h before irradiation, right before 
irradiation, 3 h or 24 h after irradiation. Sham irradiated cells 
were treated immediately after handling. IL-4 (0.5-2 x 107 U/ 
mg) and IL-10 (1-2 x 106U/mg) were obtained from R&D 
Systems (Abingdon, UK) and were both used at a final 
concentration of 50 pg/ml. 

Three and 7 days after irradiation, supernatants were 
collected, cells trypsinized and viable adherent cells counted 
in the presence of nigrosine. Supernatants were centrifuged to 
remove debris and frozen at - 80°C until use. IL-4 and IL-10 
were re-added to the culture at the medium change (3 days 
after irradiation) unless mentioned. The combined effect of 
IL-4 and IL-10 was also tested on HUVEC. Both cytokines 
(50 pg/ml) were added 3 h after radiation exposure. 

Cytokine immunoassays 
A double-antibody sandwich enzyme-linked immuno- 

sorbent assay (ELISA) for the quantitative determination of 
the cytokines IL-6, IL-8, IL-4 and IL-10 in culture media was 
performed according to the manufacturer's recommenda- 
tions (Amersham, France). Results were expressed in pg/103 

viable cells because both irradiation and cytokine treatment 
induced a change in cell number as compared to control cells. 
The results of the three individual HUVEC batches were 
standardized by giving results as ratios (fold increase or 
decrease in cytokine levels). 

Flow cytometry analysis 
For cell fluorescent staining, HUVEC were incubated 

with anti-ICAM-1 (Immunotech, France). Cells were then 
washed twice and labelled with the fluorescein-5- 
isothiocyanate (FITC)-conjugated sheep anti-mouse IgG 
antibody. Acquisitions were performed on a FACSort® 
flow cytometer (Becton Dickinson Immunocytometry 
Systems, France). Cells (0.5-1 x 104) were acquired and 
analysed with CellQuest software (Becton Dickinson). 
7-Aminoactinomycin D (1 ug/ml) (Sigma, France) staining 
was used to gate out the non-viable cells. Marker Ml was set 
according to negative isotype-matched control thus deter- 
mining the percentage of fluorescent cells with anti-ICAM-1 
antibody. The corrected percentage of fluorescent cells was 
calculated as follows: for each treatment the percentage of 
fluorescent cells for the isotype-matched control antibody 
was substracted from the percentage of fluorescent cells for 
anti-ICAM-1. 

Statistical analysis 
Statistical significance was calculated using the Mann- 

Whitney rank sum test. P values <0.05 were considered 
significant. 
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PROTEIN KINASE C-DEPENDENT PATHWAY IS 
CRITICAL FOR THE PRODUCTION OF 

PRO-INFLAMMATORY CYTOKINES 
(TNF-a, IL-lß, IL-6) 

Ewa Kontny, Maria Ziolkowska, Alicja Ryzewska, Wtodzimierz Maslinski 

The authors hypothesized that certain PKC isoforms play an important role in the induction of 
pro-inflammatory cytokine (TNF-a, IL-lß, IL-6) synthesis. To test this hypothesis, the 
cytosol-to-membrane translocation of select PKC isoforms with tested cytokine production in 
human monocytes cultured in vitro was correlated. It is reported that in monocytes treated with 
phorbol ester (PMA), translocation of PKC isoforms a, ßll, 8 and £ precede cytokine synthesis. 
Moreover, specific inhibition of PKC translocation that occurs in the presence of Calphostin C 
is reflected in downstream events: lack of MAP kinases phosphorylation, loss of DNA binding 
ability by AP-1 transcription factor, and the reduction of pro-inflammatory cytokine synthesis. 
Thus, the cytosol-to-membrane translocation of PKC isoforms a, ßll, 5 and E with the 
subsequent activation of: (1) MAP kinases; and (2) AP-1 transcription factor, may represent 
critical steps in the induction of signalling cascade leading to TNF-a, IL-lß, IL-6 synthesis in 
human monocytes. 

© 1999 Academic Press 

Monocytes play an important role in the initiation 
of immune response through their ability to synthesize 
a variety of mediators including pro-inflammatory 
cytokines: TNF-a, IL-lß and IL-6. These cytokines 
exert pleiotropic biological effects on a wide range of 
target cells and, due to their pro-inflammatory and 
immunoregulatory properties, play crucial role in the 
inflammation, immune response and haematopoiesis.1^3 

However, in some pathological conditions, e.g. in 
rheumatoid arthritis, the continuous production of 
pro-inflammatory cytokines mediates chronic inflam- 
matory responses that may result in the connective 
tissue damage.4 Interestingly, TNF-a, IL-lß and IL-6 
share many of their pro-inflammatory activities. '~3 

Despite its pro-inflammatory activities, IL-6 exerts also 
anti-inflammatory properties. For example, IL-6 pro- 
motes the acute phase reaction, up-regulates metallo- 
proteinase inhibitors,  suppresses TNF-a and IL-lß 
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synthesis in vitro, and induces the synthesis of TNF-a 
and IL-lß endogenous antagonists (i.e. TNF-a soluble 
receptor and IL-1 receptor antagonist) in vivo.5-7 

Lipopolysaccharide (LPS), a major component of 
the outer membrane of Gram-negative bacteria is a 
potent activator of monocytes/macrophages that 
induces production of several cytokines, including 
TNF-a, IL-lß and IL-6. Although some aspects of the 
intracellular mechanisms triggered by LPS are known, 
the exact signalling pathways leading to the synthesis 
of these pro-inflammatory cytokines are not fully 
understood. Several molecules were suggested to play 
a role as LPS receptors. Two of them, the CD 14 
molecule,8 and the low-affinity LPS-binding protein, 
represented probably by CD1 lc/CD18 molecule of the 
ß2 integrin family,9 mediate LPS-induced production 
of numerous cytokines. LPS triggers the activation of 
several protein tyrosine kinases including p53/561yn,10 

as well as serine/threonine kinases: Raf-1,11 mitogen- 
activated protein kinases (MAPK),11 and protein 
kinase C (PKC).12 The downstream events leading to 
the production of TNF-a, IL-lß and IL-6 are, at least 
in part, regulated by the same transcription factors 
(AP-1, NFKB, NF-IL-6).13"15 Interestingly, in our pre- 
liminary studies we have observed a strong correlation 
between serum levels of TNF-a and IL-lß in healthy 
blood donors. These data suggested that activation of 
monocytes may trigger a common signalling pathway 
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that ultimately results in the simultaneous production 
of pro-inflammatory cytokines. 

Based on these data we hypothesized that the 
induction of these cytokine synthesis in human mono- 
cytes utilizes a common signalling pathway that 
involves certain PKC isoforms. In order to test this 
hypothesis we have carried out a parallel study in 
which the amounts of pro-inflammatory cytokines 
(TNF-a, IL-lß and IL-6) produced in human mono- 
cytes upon stimulation with PKC activator (phorbol 
ester, PMA) were correlated with the cytosol-to- 
membrane translocation of select PKC isoforms. In 
addition, further downstream events such as the phos- 
phorylation of MAPK and DNA binding activity of 
AP-1 transcription factor were also investigated. 

We report that production of TNF-a, IL-lß and 
IL-6 by human monocytes cultured in vitro, as well as 
the translocation of PKC isoforms a, ßll, 5 and s in 
these cells are blocked in the presence of specific PKC 
inhibitor, Calphostin C. Thus, we propose that PKC 
isoforms a, ßll, 8 and s may play important role in the 
induction of pro-inflammatory cytokine synthesis. 

RESULTS 

Activation of PKC induces production of 
pro-inflammatory cytokines 

In order to determine whether the activation of 
PKC alone is sufficient to trigger the production of 
pro-inflammatory cytokines, monocytes were stimu- 
lated with an activator of PKC (PMA; 1 nM) for 
21 h, and the synthesis of secreted, as well as cell- 
associated forms of TNF-a, IL-lß and IL-6 were 
assayed by ELISA. Monocytes treated with a non- 
active phorbol ester analogue (4aPMA; 1 nM) or 
stimulated with LPS (5 ug/ml) were used as a negative 
or positive control, respectively. As shown in Figure 
1, LPS induces strong production of both secreted 
and cell-associated forms of all tested cytokines. The 
optimal concentration of PMA (1 nM) partially 
mimics this effect with the production of TNF-a and 
IL-lß reaching -40% and -22% of LPS-triggered 
levels, respectively. Interestingly, PMA induced the 
production of secreted form of IL-lß only, while both 
secreted and cell-associated forms of TNF-a were 
detected. The influence of PMA on IL-6 synthesis 
was even more complex. Although average IL-6 pro- 
duction remained unchanged upon PMA stimulation 
(Fig. 1), there were two distinct groups of donors that 
differ in their response to stimuli (data not shown). In 
seven out of 15 volunteers, PMA treatment resulted in 
a significant increase of IL-6 production (both secreted 
and cell-associated form of protein) to the level ~ 17% 
of LPS-triggered response. In contrast, monocytes 
from the remaining eight donors responded to PMA 

Figure 1.   PMA partially mimics LPS-triggered cytokine production. 

Monocytes were culture for 21 h in the absence (control-C) or 
presence of 1 nM PMA or 5 ug/ml LPS. Concentration of cytokines 
was determined in cell lysates (cell-associated) and culture superna- 
tants (secreted), by ELISA. Results are the mean ± SEM of 20 
(TNF-a and IL-lß) or 15 (IL-6) experiments. Statistical comparison 
between samples with and without stimuli is shown as a P value. 
PMA raised production of TNF-a (A) and IL-lß (B) to the levels of 
40% and 22% of the LPS-triggered responses, respectively. Upon 
PMA treatment production of IL-6 (C) was significantly raised (to 
17% of LPS-triggered response) only in seven out of 15 volunteers. 

with decrease rather than increase of baseline produc- 
tion of IL-6. Interestingly, the latter group of volun- 
teers generally exerts lower production of cytokine 
triggered not only by PMA but also by LPS treatment. 
The non-active PMA analogue (4aPMA) had no 
effects on the production of tested cytokines (data not 
shown), confirming the specificity of PMA as a PKC 
activator. 

These results show that activation of PKC only 
partially mimics LPS-induced response leading to the 
sub-optimal synthesis of pro-inflammatory cytokines. 
We also observed that among tested cytokines TNF-a 
is the most, while IL-6 is the least dependent on the 
sole activation of PKC upon PMA stimulation. 
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Selective PKC inhibitor, Calphostin C, blocks the 
production of pro-inflammatory cytokines 

In order to further explore the role of PKC- 
dependent pathway in the cytokine production, a 
highly selective inhibitor of PKC, Calphostin C, was 
used. Calphostin C binds to the unique phorbol ester/ 
DAG-binding site and inhibits various PKC isoforms 
to the same extent (IC50 for purified enzymes equals 
50 nM). At the concentration range used in our studies 
(10-50 nM), Calphostin C is a specific inhibitor of 
PKC; much higher concentration of Calphostin C 
(>50uM) is required to affect the activity of other 
protein kinases.16 

In our study, the pre-treatment of monocytes with 
50 nM Calphostin C strongly suppressed production of 
TNF-a, IL-lß and IL-6 in both LPS- and PMA-treated 
cells (Fig. 2). Similar results were obtained when 
Western blotting technique was used to assess cytokine 
production (data not shown). 

The lower concentration of Calphostin C (10 nM) 
exerts more discrete influence on the LPS induced 
production of TNF-a, IL-lß and IL-6. Pretreatment of 
monocy tes with 10 nM Calphostin C resulted in a 
strong reduction of LPS-triggered TNF-a synthesis 
(~80%), while weaker inhibition of IL-lß and IL-6 
production (~60%) were observed (Fig. 2). These 
results support an earlier observation (Fig. 1) that the 
production of IL-lß and IL-6 is less dependent on the 
activation of PKC than TNF-a. Interestingly, both 
secreted and cell-associated forms of all tested 
cytokines were inhibited by Calphostin C to the same 
extent (data not shown). 

It is well known that inhibition of PKC by 
Calphostin C requires photoactivation.16 In our con- 
trol cell cultures shielded from the light, Calphostin C 
did not affect cytokine production (data not shown), 
indicating its selectivity in blocking PKC. 

Calphostin C reduces transcription of TNF-a and 
/L-ip 

The synthesis of cytokines is regulated at the 
level of transcription and modified by post- 
transcriptional events. Therefore, we tested the influ- 
ence of Calphostin C on the transcription of genes 
encoding TNF-a and IL-lß. This was done employ- 
ing a semi-quantitative RT-PCR technique. Con- 
sistently with the results shown in Figure 1, the 
expression of mRNA encoding TNF-a and IL-lß 
was lower in PMA- than in LPS-treated mono- 
cytes (Fig. 3). In the presence of Calphostin C, both 
PMA- and LPS-induced expression of mRNA coding 
for tested cytokines was significantly diminished 
(Fig. 3). 
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Figure 2.   Calphostin C blocks production of cytokines. 

Monocytes pre-treated for 2 h with 10 or 50 nM Calphostin C (Cc), 
were stimulated for 21 h with 5 ug/ml LPS or 1 nM PMA. Total 
production of cytokines (A: TNF-a; B: IL-lß; C: IL-6) was deter- 
mined by ELISA. Results are expressed as the percentage of cytokine 
levels in cell cultures not exposed to Calphostin C and represent the 
mean ± SEM of five (PMA treatment, 0) or 10 (LPS treatment, ■) 
experiments. Statistical comparison between cells pre-treated with 
Calphostin C and not treated, is shown as a P value. (D), unstimu- 
lated cells. 

Expression of PKC isoenzymes in PMA- and 
Calphostin C-treated monocytes 

Depending on the dose and time of the treatment, 
PMA exerts different effects on cellular PKC proteins, 
leading to either activation or degradation of the 
enzyme.17 Upon activation, PKC isoenzymes trans- 
locate from the cytosol to the particular cellular frac- 
tions (e.g. plasma membrane, nuclear envelope).17'18 In 
order to evaluate the activation of several PKC iso- 
forms, we compared their distribution among the 
cytosolic, membrane and SDS/glycerol extractable par- 
ticulate protein fractions isolated from monocytes 
stimulated with PMA in the presence or absence of 
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Figure 3.    Calphostin C diminishes expression of mRNAs encoding TNF-a (□) and IL-lß (■). 

Monocytes pre-treated for 2 h with 10 nM Calphostin C (Cc) were stimulated for another 2 h with 5 ug/ml LPS or 1 nM PMA. RNA was isolated 
and the amount of tested cytokine mRNA was measured using semiquantitative RT-PCR technique. Transcript levels were measured by 
densitometry and the ratio of monocyte cDNA to standard cDNA was calculated. Results (the mean ± SEM of four experiments) are expressed 
as a percentage of the response stated in untreated control (C) cells. P values, showing differences between the cells treated versus non-treated 
with Calphostin C are shown above the bars. 

Calphostin C. After 21 h of stimulation with 1 nM 
PMA (optimal time to measure cytokine production), 
the translocation of PKC a, 8 and s isoenzymes from 
the cytosolic to membrane and particulate fractions 
were clearly observed (Fig. 4). In contrast, PKCßll, 
although transiently translocated (Fig. 5), was almost 
completely degraded upon prolonged PMA treatment 
(Fig. 4). Pretreatment of monocytes with Calphostin C 
(2 h; 50 nM) (Fig. 5) blocks PMA-triggered transloca- 
tion of all tested PKC isoenzymes. Moreover, in 
these conditions PKC isoenzymes were completely (e 
and ßll) or partially (S and a) degraded. Therefore, 
Calphostin C blocked translocation of PKC a, ßll, 5 
and 8 precedes the inhibition of cytokine production. 

Calphostin C inhibits phosphorylation of MAP 
kinases 

LPS is known to activate the MAP kinase 
cascade.11'19'20 Although this event is distal from PKC 
activation, in some systems it may be PKC depen- 
dent.21 Phosphorylation of MAP kinases in tyrosine/ 
threonine residues is prerequisite for their activation.21 

To determine whether the activation of MAP kinases 
depends on the PKC activation, we tested the effect 
of Calphostin C on the phosphorylation status of 
MAP kinases isolated from PMA- and LPS-treated 

monocytes. While the PMA- or LPS-treatment results 
in the phoshorylation of MAP kinases (Erkl/Erk2) 
on tyrosine and threonine residues, Calphostin C 
(50 nM) completely blocked LPS- and PMA-triggered 
phosphorylation of these enzymes (Fig. 6). 

These results show that phosphorylation of MAP 
kinases, an important event in LPS triggered signal 
transduction, is also dependent on the activation of 
PKC pathway. 

Calphostin C blocks DNA-binding activity of 
AP-1 transcription factor 

The AP-1 transcription factor regulates the tran- 
scription of cytokine genes in either a positive (TNF-a 
and IL-lß) or negative (IL-6) manner.13,14'22'23 In some 
systems AP-1 represents also one of the downstream 
targets on the PKC-dependent pathway.24 Therefore, 
we tested whether the effects of Calphostin C on PKC 
translocation would reflect on AP-1 activity in stimu- 
lated monocytes. The DNA-binding activity of AP-1 
was probed in cells pre-treated with 50 nM Calphostin 
C followed by 2-h stimulation with PMA or LPS. In 
resting cells the AP-1 binding activity was weak or 
undetectable but it was significantly induced upon 
stimulation (Fig. 7). Calphostin C reduced DNA bind- 
ing activity of AP-1 in both PMA- and LPS-treated 



PKC and the production of pro-inflammatory cytokines / 843 

PKCa 

Control PMA 

S   |    C     M     P   M  C      M      P 

PKC ßll 

Control PMA 

S   [c    M     P ]     [ C      M     p] 

^^^ 

PKC 5 

Control PMA 

S   [c     M      PITC       M      P ] 

&     #•■ I      ■       ^ w W^ 

PKCe 

Control PMA 

S   [c     M     P ]    |~  C      M      P] 

y|k 

*^fa 

Figure 4.    PMA induces long-lasting translocation of PKC a, 8 and £ isoenzymes. 

Monocytes were stimulated for 21 h with 1 nM PMA. The cytosolic (C), membrane (M) and particulate (P) protein fractions were isolated from 
the cells and proteins (40 ug/lane) were tested for the presence of PKC isoform by Western blotting. Control, non-stimulated cells; S, standard 
of the respective human recombinant PKC isoenzyme. 

cells. In contrast, the DNA-binding activity of house- 
keeping Oct-1 transcription factor was not affected by 
any of these treatments. 

These results support the notion that AP-1 DNA- 
binding activity also depends on the PKC pathway. 
Thus, Calphostin C reduced cytokine production may, 
at least in part, be mediated by impaired activation of 
AP-1. 

DISCUSSION 

In the present study we first confirmed that in our 
experimental conditions the PKC-dependent pathway 
plays an important role in the synthesis of pro- 
inflammatory cytokines. The results of experiments 
where selective PKC inhibitor, Calphostin C, signifi- 
cantly blocked PMA- as well as LPS-induced cytokine 
production (Fig. 2), support this hypothesis. Interest- 
ingly, PMA, a potent activator of PKC, only partially 
mimics LPS-induced synthesis of these cytokines exert- 
ing the following dependency on the sole activation of 
PKC: TNF-ct>IL-lß>IL-6 (Fig. 1). These results sug- 
gest that PKC activation is necessary, but not sufficient 
for the optimal production of pro-inflammatory 
cytokines. Therefore, we propose that the co-operation 
of at least two different signalling pathways—one that 

requires PKC activation and another, exerting a domi- 
nant role for IL-6, and to a lesser extent participating 
in IL-lß and TNF-a—is required for the optimal 
(e.g. triggered by LPS) induction of pro-inflammatory 
cytokines synthesis. The synergism between PKC- and 
cAMP-dependent pathways has been proposed for the 
induction of IL-lß production in human myeloid cell 
lines.25 However, in human monocytes the elevation of 
cAMP was shown to inhibit rather than increase the 
LPS-triggered production of TNFa and IL-lß.26'27 

Therefore, it is likely that previously reported co- 
operation between PKC- and another, PTK-dependent 
pathways is more relevant in monocytes.12'20 

Interestingly, we also observed that upon PMA 
stimulation most, if not all, of de novo synthesized 
IL-lß protein is released into the media. This result 
corroborates with the report of others that not only the 
synthesis but also the secretion of IL-lß is regulated by 
PKC.28 

The IL-6 production is dependent on PKC in a 
variety of non-haemopoietic cells.29'30 In contrast, in 
human monocytes the synthesis of this cytokine was 
reported to be PKC independent.31 However, the latter 
finding was based on the: (1) failure of PMA to induce 
IL-6 production and (2) elevation of IL-6 transcription 
by serine/threonine kinase inhibitor, staurosporin. Our 
observation that only some individuals produce IL-6 
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Figure 5.    Calphostin C inhibits PMA-triggered translocation and induces degradation of PKC isoenzymes. 

Monocytes pre-treated for 2 h with 50 nM Calphostin C (Cc), were stimulated for 15 min with 1 nM PMA. Proteins (10 ng/lane) of cytosolic (C) 
and membrane (M) fractions were tested for the presence of PKC isoforms using Western blotting technique. Calphostin C inhibited 
PMA-triggered translocation of all tested PKC isoforms (disappearance from M fraction). Upon Calphostin C treatment PKC isoenzymes were 
completely or partially (e>ßll>5>a) lost also from C fraction (degradation of the isoenzymes). 

upon PMA treatment, as well as the evidence that 
staurosporin may exert partial PKC agonistic activity 
in some systems,17 give support to the notion that PKC 
activation may play an important role in the induc- 
tion of IL-6 synthesis. Taken together these data 
provide the evidence that activation of PKC is neces- 
sary for LPS-stimulated production of all tested 
pro-inflammatory cytokines. 

Next, we explored the activation of different PKC 
isoforms during the stimulation leading to select 
cytokine production. The PKC family is heterogeneous 
and consists of isozymes that differ in their structure, 
cofactor requirement, tissue distribution and sub- 
cellular localization.32 Although there are reports sug- 
gesting that biological functions of PKC are also 
isozyme selective,32"35 the role of individual PKC 
isoenzymes in cellular processes, especially in the 
induction of cytokine synthesis, only recently received 
attention. For example, there is evidence indicating 
that PKCß activation plays an important role in LPS- 
induced production of TNF-a in mouse peritoneal 
macrophages.36 Although the LPS-triggered activation 
of PKC£ in human monocytes was reported, the role of 
this PKC isoform in the induction of pro-inflammatory 
cytokine synthesis has not been tested.37 In the present 
study we have focused on the role of classical (a and 
ßll) and novel (8 and s) PKC isoenzymes in this 

process. We report, that at the time of maximal 
cytokine production (21 h), the PMA triggered trans- 
location of PKC a, 5 and 8 to membrane fraction 
was still evident, while most of PKCßll protein was 
already degraded (Fig. 4). Interestingly, although more 
than 80% of monocytes cultured in the presence of 
Calphostin C for 21 h were alive (see Materials and 
Methods), all tested PKC isoforms were either partially 
or completely degraded (Fig. 5). These results show 
that the induction of pro-inflammatory cytokines is 
associated with PKC a, 5, e and ßll activation and 
suggest that the importance of particular PKC iso- 
enzyme is not equal. Whether the activation of all or 
only some of these PKC isoenzymes is important for 
cytokine synthesis, is currently tested in our laboratory 
using isoenzyme-selective PKC inhibitors. 

Activation of MAP kinase cascade represents an 
important signalling event triggered by LPS.1 ' ' 
MAP kinases are activated by various up-stream 
signalling events, e.g. by Ras/Raf kinase pathway,21 

and/or PKC.21'38 In addition, MAP kinases were 
demonstrated to participate in the activation of cPLA2 

leading to the release of arachidonic acid.19 The acti- 
vation of MAPK results, in turn, in the induction of 
several transcription factors crucial for transcription 
of genes encoding pro-inflammatory cytokines, e.g. 
c-fos component of AP-1   transcription factor and 
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Figure 6.    Calphostin C inhibits phosphorylation of MAP kinases. 

Monocytes pre-treated with 50 nM Calphostin C (Cc), were stimulated with 5 ug/ml LPS or 1 nM PMA for the indicated time. Total protein 
fraction was isolated and the expression of phosphorylated (A) and nonphosphorylated (B) MAP kinases was determined in the same samples 
using Western blotting. Position of Erkl and Erk2 isoenzymes is indicated. C-non-stimulated control cells. This is a representative experiment 
selected from three performed. 
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Figure 7.    Calphostin C reduces DNA-binding activity of AP-1 transcription factor. 

Monocytes pre-treated with 50 nM Calphostin C (Cc) were stimulated for 2 h with 5 ug/ml LPS or 1 nM PMA. Nuclear protein fraction was 
isolated and assayed by EMSA, using AP-1 and Oct-1 consensus oligonucleotides. Specificity of the binding was controlled by excluding protein 
samples and by adding 100-fold excess of unlabelled probes. Control, non-stimulated cells. This is a representative experiment selected from three 
performed. 

NF-IL6.21'24 Our data show that inhibition of PKC a, 
8, e and ßll translocation result in the blockade of 
MAPK phosphorylation that precede impaired pro- 

duction of pro-inflammatory cytokines (Fig. 6). Inter- 
estingly, recent reports show that PKC a and § 
isoenzymes act as the activators of MAPK in various 
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types of cells.39"11 The possibility that these PKC 
isoforms may activate MAPK in human monocytes is 
presently tested in our laboratory. 

Transcription of human genes encoding TNF-oc, 
IL-lß and IL-6 expression is a complex process that 
requires participation of several transcription factors 
including AP-1. Although AP-1 regulates transcription 
of TNF-a and IL-lß genes in a positive manner, it is 
also considered as a negative regulator of IL-6 gene 
transcription.23 AP-1 exists as a homo- or heterodimer 
formed by proteins of the Fos and the Jun families and 
is a target molecule for PKC and the enzymes of MAP 
kinase family.24 

Our results show that Calphostin C-blocked PKC 
translocation is reflected downstream in diminished 
AP-1 binding activity in monocytes stimulated with 
LPS or PMA (Fig. 7). Thus, it is likely that inhibitory 
effects of Calphostin C on the induction of TNF-a and 
IL-lß synthesis is, at least in part, mediated by 
depressed activity of AP-1. In contrast, PMA triggered 
induction of AP-1 may account for a negligible pro- 
duction of IL-6 observed in monocytes of some indi- 
viduals. However, similar to TNF-a and IL-lß, the 
production of IL-6 in LPS-treated cells was also 
blocked by Calphostin C. This result suggests that in 
LPS-stimulated response, PKC pathway may also 
modulate the activity of other transcription factor(s) 
crucial for IL-6 gene transcription. 

Although we have not tested the activity of other 
key transcription factors, our results imply that PKC 
dependent pathway participates in TNF-a and IL-lß 
synthesis acting via AP-1. Whether all or some of PKC 
isoforms associated with the induction of these 
cytokine synthesis are important for AP-1 transcrip- 
tional activity, remains to be elucidated. Interestingly, 
it has recently been reported that PKC a regulates the 
composition of AP-1 complexes in mouse keratino- 
cytes,42 while PKC-theta selectively stimulates AP-1 in 
murine T cell lines.43 Thus, it is tempting to speculate 
that transcriptional activity of AP-1 during the process 
leading to cytokine synthesis may be controlled by 
PKC in an isoenzyme-specific manner. 

In summary, our data: (1) demonstrate the key 
role of PKC in the induction of pro-inflammatory 
cytokine synthesis in human monocytes; (2) suggest a 
possible role of PKC a, 5, s and ßll isoenzymes in this 
process; and (3) support the notion that the activation 
of MAPK and AP-1 transcription factor participate in 
the PKC-dependent pathway controlling several 
aspects of inflammatory response. 

MATERIALS AND METHODS 

Cell culture and treatment 
Peripheral blood mononuclear cells (PBMC) were 

separated from heparinized blood of healthy adult volunteers 

on density gradient using Gradisol L (Polfa, Poland), then 
incubated on plastic Petri dishes for 1 h at 37°C in RPMI 
1640 medium supplemented with 10% FCS (Gibco, Paisley, 
UK), 2mM L-glutamine, 100 units/ml penicillin, 100mg/ml 
streptomycin and 1 mM HEPES (Gibco). The non-adherent 
cells were removed by vigorous washing with RPMI. The 
remaining adherent cells (monocytes) contained less than 
10% of CD2+ T lymphocytes and CD19+ B lymphocytes, as 
estimated by immunofluorescent staining and flow cyto- 
metric analysis. Monocytes isolated from 2 x 106 (for 
ELISA) or from 10 x 106 (for Western blotting, EMSA and 
for RNA isolation) of PBMCs were cultured in RPMI 
medium containing 1% FCS and 2.5xlO_5M of ß- 
mercaptoethanol. Cells were stimulated with 5 ug/ml of 
lipopolisaccharide (LPS; E. coli 055:B5; Difco, Detroit, MI), 
1 nM of phorbol 12-myristate 13-acetate (PMA; Sigma, St 
Louis, MO) or 1 nM of non-active PMA analog (4aPMA; 
Sigma). Selective PKC inhibitor, Calphostin C (Sigma), was 
added 2 h before stimuli and cell cultures were exposed to 
light to activate the compound.16 Control cultures were kept 
in the darkness. 

Cell viability, assayed by trypan blue exclusion, 
exceeded 95% after adherence, and 80% after 21-h incubation 
in the presence or absence of stimuli and inhibitor. 

Cytokine detection using enzyme-linked 
immunosorbent assay (ELISA) 

Cytokine production was assayed after 21 h of culture. 
Culture supernatants were used to measure production of 
secreted forms of cytokines. The production of cell- 
associated cytokines was determined in cell lysates, obtained 
by three cycles of freezing-thawing of cells resuspended in 
1 ml of freshly added culture medium. The concentration 
of cytokines was determined using specific ELISA as pre- 
viously described.44 Goat polyclonal, neutralizing antibodies 
specific to human TNF-a, IL-lß or IL-6 (R&D Systems, 
Minneapolis, MN) were used as capture, while cytokine 
specific rabbit polyclonal antibodies (anti-TNF-ct from 
Genzyme, Cambridge, MA; anti-IL-lß and anti-IL-6 from 
Sigma) were used as detection antibodies, followed by horse- 
radish peroxidase conjugated goat anti-rabbit immuno- 
globulins and O-phenylenediamine dihydrochloride (both 
from Sigma) as a substrate. Human recombinant cytokine 
standards were from R&D Systems. Optical density was 
measured at 492 nm using an automatic ELISA reader (LP 
400, Diagnostics Pasteur, France). The detection limit was 
4 pg/ml for TNF-a and 15 pg/ml for both IL-lß and IL-6. 

Protein analysis by Western blotting 
Expression of PKC isoenzymes were analysed in the 

cytosolic, membrane and paniculate protein fractions 
according to the method previously described.35 The 
cytosolic fraction was prepared from cells treated with the 
lysis buffer (20 mM Tris-HCl, pH 7.5, 2 mM EDTA, 10 mM 
EGTA, 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl 
fluoride, 100 ug/ml digitonin, 10|Xg/ml leupeptine, 10 ug/ml 
pepstatin A). The remaining protein pellets were treated with 
the lysis buffer supplemented with 1% of Triton X-100 to 
obtain the membrane fraction. The particulate fraction was 
extracted  from  the pellets  remaining  after collection  of 
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cytosolic and membrane fractions by boiling for 5 min in a 
125 mM Tris-HCl (pH 6.8) buffer supplemented with 2.5% 
SDS and 10% glycerol. Protein contents was measured using 
Bio-Rad Protein Assay kit (Bio-Rad, Germany) and adjusted 
to the same level in tested samples. Proteins were than 
acetone precipitated, boiled in Laemli buffer and samples 
containing 10 or 40 mg of protein were separated on 8% 
SDS-PAGE. After blotting, the PVDF membranes (BioRad, 
Germany) were treated overnight with the rabbit polyclonal 
antibodies specific to PKC a, ßll, 8 or s isoenzymes 
(Calbiochem, La Jolla, CA), respectively. Cytokine-bound 
antibody was detected using horseradish peroxidase- 
conjugated goat anti-rabbit immunoglobulins and the ECL 
system (Amersham, UK). The specificity of primary antibody 
binding was assured by pre-incubation of the antibody with 
0.5 mg/ml of isoform-specific peptide (Calbiochem) for 
10 min at room temperature, prior to use. Human recom- 
binant PKC a, ßll, 8 and s isoenzymes (Calbiochem) were 
used as the positive controls. 

Phosphorylation of mitogen-activated protein kinases 
(MAP kinases; Erkl/Erk2) was detected using the Phospho- 
Plus p44/42 MAP kinase antibody kit, containing antibodies 
specific to either non-phosphorylated or phosphorylated 
(recognizing Thr 202/Tyr 204) forms of MAP kinases (New 
England BioLabs, USA), according to the manufacturer 
protocol. 

Analysis of cytokine mRNA by semiquantitative 
reverse transcriptase polymerase chain reaction 
(RT-PCR) 

Total RNA was isolated from monocytes using TRI- 
ZOL reagent (Gibco BRL, UK), according to the manu- 
facturer protocol. All reagents used for reverse transcription 
and PCR amplification were from Perkin-Elmer, USA. Total 
RNA (25 ng or 50 ng for IL-lß or TNF-a mRNA, respect- 
ively) served as a template for cDNA preparation, using 
GeneAmp RNA PCR kit. Copies of pAW109 RNA 1 x 105, 
used as an internal standard, were transcribed in the same 
reaction. The reverse transcription reactions were performed 
at 42°C for 40 min. Ten microlitres of these cDNA solutions 
were amplified by PCR using 2.5 U of Taq DNA polymerase 
and 0.15 uM of each primer (AW112/AW113 primers for 
TNF-a and DM155/DM156 primers for IL-lß) in 1 x PCR 
buffer II containing 2 mM MgCl2, in a total volume of 40 ul. 
The thermoamplification program consisted of an initial 
denaturation (1 min at 95°C), followed by 35 cycles of 1 min 
denaturation (95°C), 2 min annealing (55°C) and 3 min elon- 
gation (72°C), with a final extension period of 5 min at 72°C. 
Products were separated on 2% agarose gel containing 3% 
(v/v) ethidium bromide and detected by trans-illumination 
with UV light. Gels were photographed, bands representing 
amplified products were scanned and the ratio of tested to 
standard RNA was calculated. 

Estimation of DNA-binding activity of AP-1 
transcription factor by the electromobility 
gel-shift assay (EMSA) 

The nuclear protein extracts were prepared by micro- 
preparation technique.45 The protein concentration was 
measured,  samples  normalized  for protein contents  and 

stored at — 70°C. The AP-1 oligonucleotides (Santa Cruz 
Biotechnology, Santa Cruz, CA) were 32P end-labelled, using 
T4 polynucleotide kinase and [y-32P]ATP (both re- 
agents from Amersham, UK). Gel-shift assay was performed 
as previously described.46 2.5 ug of protein extract was 
incubated in ice-water bath for 1 h with AP-1 labelled probes 
(0.1 ng; 50 000 cpm). The specificity of probe binding was 
assured by adding 100-fold excess of unlabeled probe. Bind- 
ing of proteins to Oct-1 ("house-keeping" sequence) probe 
(Santa Cruz Biotechnology) served as a control. The protein- 
DNA complexes were resolved for 2 h at 250 V on pre- 
electrophoresed 5% non-denaturating polyacrylamide gel in 
Tris-borate-EDTA (TBE) buffer, containing 0.02% NP-40. 
The gels were autoradiographed on X-ray films (Amersham, 
UK). 

Statistical analysis 
The paired /-test was applied to evaluate the effect of 

stimuli and Calphostin C. Probability values less than 0.05 
were considered as statistically significant. 
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GM-CSF RESCUES TF-1 CELLS FROM GROWTH 
FACTOR WITHDRAWAL-INDUCED, BUT NOT 

DIFFERENTIATION-INDUCED APOPTOSIS: THE 
ROLE OF BCL-2 AND MCL-1 

Lidija Klampfer, Jin Zhang, Stephen D. Nimer 

Cytokines such as granulocyte-macrophage colony-stimulating factor (GM-CSF) and IL-3 
promote the survival and stimulate the proliferation of haematopoietic cells. Using the 
GM-CSF-dependent TF-1 myeloid leukaemia cell line, the authors show that the endogenous 
levels of BCL-2 and MCL-1 are downregulated upon GM-CSF withdrawal, whereas the levels 
of BCL-xL and Bax are unchanged. Re-exposure of growth factor deprived cells to GM-CSF 
resulted in an early and transient increase in MCL-1 expression, and prolonged induction of 
BCL-2, which prevented apoptosis. In contrast, the expression of BCL-2 and MCL-1 were not 
modulated during TPA-induced differentiation of TF-1 cells, which was followed by apoptosis 
despite the presence of GM-CSF. TF-1 cells overexpressing BCL-2 or MCL-1 underwent 
delayed apoptosis upon growth factor withdrawal, but displayed no impaired apoptosis in 
response to TPA. Erythropoietin (Epo) induced the expression of BCL-2 and MCL-1 protein in 
TF-1 cells, however it did not support their long term proliferation, further demonstrating 
that upregulation of these anti-apoptotic genes is insufficient for the long term proliferation of 
TF-1 cells. 
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Programmed cell death (apoptosis) is a genetically 
determined response of cells to certain stimuli, such as 
growth factor withdrawal, DNA-damaging agents and 
differentiation inducing agents.1 Programmed cell 
death is regulated by the expression of many genes; 
some of them, such as BCL-2, BCL-XL, BCL-w and 
MCL-1, can prevent or delay the onset of apoptosis, 
while others (e.g. Bax, Bik, Bak, Bad and BCL-Xs) 

antagonize the function of antiapoptotic genes and can 
induce or accelerate cell death.2'3 There is extensive 
crosstalk between BCL-2 family members by virtue of 
their protein-protein interactions and the ratio of 
proapoptotic to antiapoptotic proteins has been shown 
to be a major determinant of the cells' propensity to 
undergo apoptosis. 

The MCL-1 gene was initially cloned as a gene 
differentially expressed in TPA treated myeloid cells.4 

MCL-1 shows extensive homology to BCL-2; it can 
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heterodimerize with Bax5 and thus plays an important 
role in preventing apoptosis.6~8 Recent studies have 
shown that myeloblasts from patients with acute 
myeloid leukaemia (AML) express higher levels of 
MCL-1 at relapse than at first presentation of the 
disease,9 suggesting that, like BCL-2, MCL-1 may play 
a role in resistance to chemotherapy. In contrast to 
MCL-1, BCL-2, and BCL-XL, Bax promotes apoptosis, 
and its ability to dimerize with several members of 
the BCL-2 family is essential for its proapoptotic 
activity.5,10 

Failure of cells to undergo apoptosis has been 
linked to developmental abnormalities, autoimmune 
diseases and cancer, while enhanced apoptosis has been 
linked to the pathogenesis of certain viral infections 
and neurodegenerative diseases.11 Recently, several 
cytokines, in addition to controlling cell proliferation, 
have been shown to regulate the process of apoptosis 
by modulating the expression of BCL-2 family mem- 
bers and/or by inducing postranscriptional modifica- 
tions of these proteins.12"15 Hence, the survival and 
proliferation of myeloid leukaemia cells commonly 
depends on the presence of exogenous growth factors, 
such as GM-CSF, IL-3 or G-CSF. 

GM-CSF is a potent growth factor for a variety of 
haematopoietic cells. Upon binding to its heterodimeric 
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receptor it activates several signaling pathways, includ- 
ing the Ras-raf-MAPK and the JAK-STAT pathways, 
resulting in activation of several genes, such as c-myc 
and Al,16'17 and generating both mitogenic and anti- 
apoptotic signal. We studied the role of GM-CSF in 
supporting the viability of TF-1 cells by examining its 
effect on the expression of several genes involved in 
apoptosis. We found that GM-CSF withdrawal results 
in the downregulation of both BCL-2 and MCL-1 
which coincides with induction of apoptosis. We also 
demonstrate that TPA-induced differentiation of TF-1 
cells is coupled to induction of apoptosis, as shown by 
the activation of DEVD specific caspases and cleavage 
of PARP in TPA-treated cells. Whereas re-exposure of 
growth factor deprived TF-1 cells to GM-CSF increased 
BCL-2 and MCL-1 levels and prevented apoptosis, GM- 
CSF did not rescue cells from TPA-induced cell death. 
TF-1 cells transfected with a BCL-2 or MCL-1 expres- 
sion vector underwent delayed apoptosis upon GM-CSF 
withdrawal, but did not proliferate in the absence of 
cytokine. Likewise, although Epo upregulates BCL-2 
and MCL-1 expression as efficiently as GM-CSF or 
IL-3, it cannot support the continuing proliferation of 
TF-1 cells. Overexpression of BCL-2 or MCL-1 did not 
interfere with TPA-induced cell death, suggesting that 
distinct signaling pathways mediate growth factor with- 
drawal induced and TPA-induced apoptosis. 

RESULTS 

GM-CSF withdrawal or TPA treatment induces 
apoptosis in TF-1 cells 

TF-1 cells maintained in GM-CSF depleted media 
for 24 h show classical morphological features of apop- 
tosis, including cytoplasmic boiling and nuclear frag- 
mentation (Refs 20, 21, and data not shown). We 
demonstrated a characteristic pattern of DNA frag- 
mentation in TF-1 cells maintained in growth factor 
depleted media for 24 h (Fig. 1, lane 1), but not in cells 
grown in media containing GM-CSF (Fig. 1, lane 2). 
TPA induces the rapid differentiation of TF-1 cells into 
macrophages (Ref. 22, and data not shown) and gen- 
erates a similar pattern of DNA fragmentation as 
growth factor withdrawal (Fig. 1, lane 3). GM-CSF did 
not completely block TPA-induced DNA fragmenta- 
tion (Fig. 1, lane 4), suggesting that TPA activates an 
irreversible cell death program in these cells. 

We also demonstrated activation of DEVD- 
specific caspase (caspase-3 like) in cells grown in 
GM-CSF depleted media and in cells treated with TPA 
for 48 h (Fig. IB). Accordingly, PARP, a substrate for 
caspase-3, is cleaved in both GM-CSF starved cells 
(Fig. 1C, lane 2) and in cells undergoing TPA-induced 
differentiation (Fig. 1C, lane 3). Although we 
measured higher DEVD caspase specific activity in 
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Figure 1. GM-CSF withdrawal or TPA stimulation induces apoptosis 
of TF-1 cells. 

A: DNA fragmentation. Cells were cultured for 24 h in the absence 
(lane 1) or presence (lane 2) of GM-CSF (10 ng/ml). Other cells were 
stimulated with TPA (0.2 ng/ml) for 24 h in the presence (lane 3) or 
absence (lane 4) of GM-CSF. DNA fragmentation was monitored by 
electrophoresis in 2% agarose gel. B: Caspase-3 activation in growth 
factor deprived and/or TPA treated cells. Caspase-3 activity was 
determined in cells deprived of GM-CSF (w/o GM-CSF) or treated 
with TPA (0.2 ng/ml) for 60 h in the presence (middle bar) or absence 
(far right bar) of GM-CSF. Background caspase activity in cells 
grown in the presence of GM-CSF was assigned the value 0. C: 
Cleavage of PARP in cells grown in the presence (lane 1), or absence 
(lane 2) of GM-CSF for 48 h, or in cells treated with TPA (0.1 ng/ml) 
in the absence (lane 3) or presence of GM-CSF (lane 4). The 118 kDa 
(intact form) and 86 kDa (cleavage form) of PARP were detected 
using a polyclonal anti-PARP antibody (Pharmingen) in a Western 
blot assay. 

GM-CSF-deprived cells than in TPA-treated cells, 
PARP cleavage products were more abundant in TPA- 
stimulated cells, suggesting that caspases outside of the 
DEVD-specific family contribute to the cleavage of 
PARP during TPA-induced cell death. 

GM-CSF, but not TPA, regulates the expression 
of BCL-2 and MCL-1 

Various members of the BCL-2 family have been 
shown to play important roles in the GM-CSF depen- 
dent survival of myeloid leukaemia cell lines.18'19'21 We 
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Figure 2.   GM-CSF upregulates the expression of MCL-1 and BCL-2 proteins. 

BCL- 

72 h 

Cells were grown in the absence of GM-CSF for 24 h and then GM-CSF (10 ng/ml), TPA (0.1 ng/ml) or both GM-CSF and TPA were added. 
Cells lysates were prepared 24, 48 or 72 h after stimulation, and the levels of MCL-1 were determined by Western blot analysis. Membranes were 
then reprobed with an antibody specific for BCL-2. The SDS-PAGE gel was stained with Coomassie blue to confirm the equal loading and 
transfer of proteins in all lanes. 

used TF-1 cells in order to examine the effects of 
GM-CSF (and several other cytokines) on the expres- 
sion of numerous BCL-2 family members. TF-1 cells 
were deprived of GM-CSF for 24 h and were either left 
untreated or were stimulated with GM-CSF, TPA or 
the combination of GM-CSF and TPA, for 24, 48 or 
72 h and analysed for the expression of BCL-2, 
MCL-1, BCL-x, and Bax. As previously reported, 
GM-CSF potently induces BCL-2 expression, which in 
TF-1 cells reaches its peak 48-72 h after cytokine 
reexposure (Fig. 2). Western blot analysis demon- 
strated that the level of MCL-1 protein declined sig- 
nificantly in cells deprived of GM-CSF, most notably 
between 24 and 48 h after growth-factor deprivation 
(Fig. 2). Re-exposure of growth-factor deprived cells 
to GM-CSF induced a rapid but transient expression 
of MCL-1 protein, which reached maximal levels 
24 h after GM-CSF stimulation and, in contrast to 
BCL-2, returned to its basal level 48 h after GM-CSF 
treatment. 

Cytokines such as GM-CSF play an important 
role in maintaining the survival of mature differenti- 
ated cells, thus we examined whether GM-CSF can 
prevent differentiation-induced apoptosis in TF-1 cells. 
TPA induces the terminal differentiation of TF-1 cells 
in the presence of GM-CSF, ultimately leading to 
apoptosis. TF-1 cells treated with GM-CSF alone, or 
the combination of GM-CSF and TPA, have compar- 
able level of BCL-2 and MCL-1 (Fig. 2), nevertheless, 
cells treated with TPA and GM-CSF undergo apopto- 
sis (Fig. 1). This suggests that upregulation of BCL-2 
or MCL-1 by GM-CSF is insufficient to rescue cells 
from differentiation induced apoptosis. This finding 
also suggest that TPA triggers apoptosis independent 
of changes in the levels of BCL-2 or MCL-1. 

Both GM-CSF and IL-3 support the long-term 
proliferation of TF-1 cells, whereas TF-1 cells prolifer- 
ate for only a limited time in the presence of Epo.22 We 

examined whether IL-3 and Epo modulate the expres- 
sion of BCL-2 and MCL-1 in a similar fashion as 
GM-CSF. Cells were deprived of growth factor for 
12 h and were either left untreated (Fig. 3A, lane 1) or 
stimulated with cytokines as indicated (lanes 2-6). 
GM-CSF (lane 2), IL-3 (lane 3) and Epo (lane 4) all 
induce the expression of MCL-1 and BCL-2, whereas 
TNF (lane 5) and IL-1 (lane 6), which cannot support 
the growth of TF-1 cells, did not. We also examined 
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Figure 3. GM-CSF, IL-3 and EPO upregulate the expression of 
MCL-1 and BCL-2 protein. 

A: Cells deprived of growth factors for 24 h were left untreated (lane 
1) or were stimulated with GM-CSF (10 ng/ml) (lane 2), IL-3 
(5 ng/ml) (lane 3), EPO (10 U/ml) (lane 4), TNF (20 ng/ml) (lane 5) 
or IL-1 (2 ng/ml) (lane 6). The level of MCL-1 protein was deter- 
mined 4 h and the level of BCL-2 protein 24 h after cytokine 
stimulation. B: The levels of Bax and BCL-x protein were determined 
by Western blot analysis in cells stimulated for 24 h with GM-CSF, 
TPA or the combination of both. 



852 / Klampfer et al. CYTOKINE, Vol 11, No. 11 (November, 1999: 849-855) 

ü 
es 

BCL-2 

GM-CSF 

BCL-2 

0 24 48       72 
Time (h) 

Figure     4.    Overexpression     of    BCL-2 
withdrawal-induced apoptosis. 
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A: Expression of BCL-2 was determined in TF-1 cells transfected 
with an empty vector (pBKCMV) and in TF-1 cells transfected with 
the pBKCMV-BCL-2 plasmid. B: TF-l/BCL-2 cells maintain their 
level of BCL-2 in the absence of GM-CSF (24 h) as determined by 
Western blot. C: TF-l/BCL-2 Q and TF-l/neo (O) cells were grown 
in GM-CSF depleted media; the number of viable cells was deter- 
mined over a period of 5 days. Experiments were repeated at least 
three times and similar results were obtained. 

the expression of BCL-xL and Bax, and as shown in 
Figure 3B, GM-CSF or TPA did not modulate the 
expression of BCL-x and Bax in TF-1 cells. 

Overexpression of BCL-2 and MCL-1 delays 
growth factor withdrawal induced apoptosis of 
TF-1 cells 

To determine whether BCL-2 overexpression can 
substitute for the presence of GM-CSF, we stably 
transfected TF-1 cells with an expression plasmid con- 
taining the human BCL-2 c-DNA (pBKCMV-BCL-2) 
or with an empty vector (pBKCMV). Western blot 
analysis of whole cell lysates demonstrated that cells 
transfected with the pBKCMV-BCL-2 plasmid (TF-1/ 
BCL-2) have higher levels of BCL-2 than cells trans- 
fected with the empty vector (TF-l/neo) (Fig. 4A). The 
levels of Bax protein were not significantly different in 
these cell lines (data not shown). TF-l/BCL-2 cells 
deprived of GM-CSF for 24 h maintained their level of 
BCL-2 protein, demonstrating that the transfected 
gene is not under normal regulatory control (Fig. 4B). 
While the growth rate of TF-l/BCL-2 and TF-l/neo 
cells was comparable in the presence of GM-CSF (data 
not  shown),  TF-l/BCL-2  cells  underwent  delayed 

80 

60 

40 

° 20 

A 
,.0 

</ 

p / / 
■   /          / 

-/Vr*1*''"^ 
L(F—*ärS=U i        i 

50 100 
Time (h) 

150 

0 50        100       150      200 
Time (h) 

y 
GM-CSF +     -     + 

Figure    5.   Overexpression    of 
withdrawal-induced apoptosis. 

MCL-1 

MCL-1    delays    growth-factor 

Cells, stably transfected with MCL-1 in the sense (MCL-ls) (O) or 
antisense (MCL-1 as) (O) orientation were grown in the presence (A) 
or absence (B) of GM-CSF. Viability was determined by the trypan 
blue exclusion assay. Q, neo. C: The expression level of MCL-1 
protein in TF-1 cells transfected with pcl-neo, p-cI-MCL-ls and 
pcI-MCL-las in the absence ( - ) or the presence (+) of GM-CSF 
was determined by Western blotting. Results shown are represen- 
tative of at least three independent experiments. 

apoptosis when deprived of GM-CSF (Fig. 4C). TF-1/ 
BCL-2 cells did not proliferate in the absence of 
GM-CSF, consistent with the notion that BCL-2 
provides a survival rather than a proliferative signal. 

We also studied the survival potential of TF-1 
cells transfected with the MCL-1 cDNA in the sense 
(MCL-ls) or antisense orientation (MCL-1 as). In the 
presence of GM-CSF, TF-1/MCL-ls cells grow more 
rapidly compared to the parental cell line, whereas 
TF-1/MCL-las cells grow more slowly (Fig. 5A). Fol- 
lowing growth factor withdrawal, TF-1/MCL-ls cells 
survive longer, whereas TF-1/MCL-las cells undergo 
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Figure 6. Overexpression of BCL-2 or MCL-1 does not rescue cells 
from TPA-induced cell death. 

TF-1 cells, TF-l/BCL-2 and TF-l/MCL-1 cells were left untreated or 
were treated with TPA (1 ng/ml) for 72 h, then growth rates were 
measured using the MTT assay (Boehringer Mannheim). (D), TF-1; 
(■), TF-l/BCL-2; (0), TF-l/MCL-1; (H), TF-l/TPA; (ß), TF-1/ 
BCL-2/TPA; (D), TF-1/MCL-l/TPA. 

more rapid cell death (Fig. 5B). The TF-1/MCL-s cells 
show only a modest increase in MCL-1 protein levels 
(most likely due to high endogenous levels of MCL-1 
in TF-1 cells), whereas TF-1/MCL-las cells show 
impaired induction of MCL-1 in response to GM-CSF 
(Fig. 5C). 

In addition, we have tested the ability of BCL-2 
and MCL-1 to prevent TPA-induced cell death. Wild- 
type TF-1 cells, and TF-1 cells overexpressing BCL-2 
or MCL-1 were treated with TPA (1 ng/ml) and cell 
growth was monitored by the MTT assay. As shown in 
Figure 6, neither BCL-2 nor MCL-1 protected cells 
from the TPA-induced apoptosis, further confirming 
that the pathways of growth factor withdrawal and 
TPA-induced apoptosis are distinct. 

DISCUSSION 

Although many human acute leukaemia cell lines 
require exogenous growth factors for their continued 
proliferation, cell lines that retain the ability to differ- 
entiate are rarely cytokine dependent. TF-1 cells are 
dependent on GM-CSF or IL-3 for their survival, yet 
they can differentiate into megakaryocytic,22 eryth- 
roid20 and monocyte/macrophage20 lineages. TF-1 cells 
therefore represent a relatively unique reagent to 
compare the pathways of growth factor withdrawal- 
induced apoptosis with differentiation-induced 
apoptosis. As expected, some components of these 
apoptotic pathways are common, whereas others are 
stimulus-specific. 

Both growth factor withdrawal and TPA- 
treatment resulted in the activation of DEVD specific 
caspases and cleavage of PARP. However, apoptosis of 

TF-1 cells induced by growth factor withdrawal, but 
not TPA, coincided with the rapid downmodulation of 
MCL-1 and BCL-2 proteins. Cytokines, such as IL-3 
and Epo, have been shown to rescue haematopoietic 
cells from y-irradiation induced cell death,23 however 
we have demonstrated that GM-CSF does not prevent 
TPA-induced cell death in TF-1 cells. 

MC1-1 is an anti-apoptotic member of the BCL-2 
family. In addition to its role in apoptosis, MCL-1 
most likely plays a role in the differentiation of myeloid 
cells, as it was originally cloned as a TPA-inducible 
gene; the expression of MC1-1 has been shown to 
correlate with the survival of haematopoietic cells, 
including peripheral blood B lymphocytes.7 Further- 
more, MCL-1 overexpression in CHO cells prolongs 
their viability upon c-myc induction.6 We have shown 
that cytokines which support the viability of TF-1 cells 
(GM-CSF, IL-3 and Epo) induce MCL-1 (and BCL-2) 
protein expression, whereas cytokines that do not 
support the growth of TF-1 cells (e.g. TNF or IL-1) fail 
to modulate the level of MCL-1. Hence, our results 
demonstrate that MCL-1 expression is modulated by 
survival/proliferative signals, supporting the notion 
that MCL-1 functions as an inhibitor of cell death. The 
increase in MCL-1 expression after GM-CSF stimula- 
tion is rapid and transient, providing further support 
for the idea that MCL-1 acts as a "short-term" regu- 
lator of cell viability, which can influence the early 
phase of apoptosis.26 Overexpression of MCL-1 in 
TF-1 cells clearly delayed apoptosis upon growth fac- 
tor withdrawal, whereas expression of the MCL-1 
cDNA in the antisense orientation accelerated apopto- 
sis upon growth factor withdrawal. Another group has 
similarly found that MCL-1 expression is an important 
mediator of the response to GM-CSF.24 Likewise, 
activation of MCL-1 by IL-13 has been shown to 
inhibit apoptosis of B cells.25 MCL-1 levels increase in 
ML-1 cells after treatment with TPA, however we 
could not detect a substantial increase in MCL-1 in 
response to TPA treatment in TF-1 cells. Treatment of 
ML-1 cells with TPA results in differentiation, without 
substantial apoptosis, whereas TF-1 cells undergo 
rapid apoptosis following TPA-induced differentiation, 
despite continued cytokine exposure (our data and 
Ref. 19). 

We have preliminary data that GM-CSF stimu- 
lates BCL-2 promoter activity in TF-1 cells (data not 
shown). Although we have not yet localized the region 
of the BCL-2 promoter that confers responsiveness to 
GM-CSF, our preliminary results demonstrate that 
GM-CSF regulates BCL-2 expression at least in part at 
the level of transcription. GM-CSF can also activate 
MCL-1 promoter activity.24 Although BCL-2 overex- 
pression cannot substitute for the proliferative signals 
provided by GM-CSF, cells overexpressing BCL-2 do 
survive longer in the absence of growth factor. The 
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ectopic expression of BCL-2 has been previously 
shown to prolong the viability of lymphoid cells,27 and 
the HCD-57 erythroid progenitor cell line,28 without 
affecting cell proliferation. 

The long-term proliferation of haematopoietic 
cells requires that cells receives both proliferative and 
survival signals. Several cytokines can provide both 
stimuli, however experiments in 32D and Baf/3 cells 
have demonstrated that the signaling pathways 
involved in these processes are distinct; genestein inhib- 
ited IL-3 induced DNA synthesis, but did not compro- 
mise the anti-apoptotic function of IL-3.17 Similarly, a 
mutant GM-CSF receptor, which cannot activate the 
Ras signaling pathway, failed to support the survival of 
32D cells but still promoted DNA synthesis in response 
to GM-CSF.17 The ability of GM-CSF to activate 
MAPK has been linked to its anti-apoptotic activity, 
whereas activation of STAT-5 may be more important 
in the GM-CSF mediated proliferation of TF-1 cells.16 

TF-1 cells overexpress a truncated Epo receptor 
which cannot efficiently activate the STAT5 pathway 
despite efficient JAK2 activation;29 accordingly Epo 
fails to support the long-term proliferation of TF-1 
cells.20 Interestingly, we demonstrated that Epo can 
upregulate BCL-2 and MCL-1 in TF-1 cells as effi- 
ciently as GM-CSF or IL-3. This demonstrates that the 
region of the Epo receptor required to upregulate cell 
survival genes is intact in TF-1 cells and that the 
regions of the Epo receptor that signal for proliferation 
and survival are distinct. 

Altogether, our data demonstrate that pathways 
of cytokine withdrawal-induced apoptosis and 
differentiation-induced apoptosis are distinct and 
underscore the importance of both anti-apoptotic 
stimuli and proliferative stimuli in the long-term 
proliferation of haematopoietic cells. 

MATERIALS AND METHODS 

Cell culture and transfection studies 
TF-1 cells (kindly provided by Toshio Kitamura) were 

grown in RPMI 1640 medium, supplemented with 10% fetal 
bovine serum (FBS), 1% glutamine, penicillin, streptomycin 
and rhGM-CSF (10ng/ml) (kindly provided by Sandoz 
Pharmaceuticals). Growth factor withdrawal was accom- 
plished by extensively washing the cells with media lacking 
GM-CSF. Subsequently, these cells were re-stimulated with 
growth factors, either rhGM-CSF (10 ng/ml), rhIL-3 (10 ng/ 
ml), rhEpo (100 U/ml), rhTNF (10 ng/ml) or rhIL-1 (1 ng/ml) 
for the time indicated. 

To prepare a TF-1 cell line that stably overexpresses 
BCL-2, cells were electroporated with the empty pBKCMV 
vector or the pBKCMV-BCL2 expression plasmid (kindly 
provided by Andrew Zelenetz) and then selected in G418 
(800 ng/ml). The MCL-1 c-DNA (kindly provided by Ruth 
Craig) was cloned into the pel expression vector (Promega), 

in the sense and antisense orientation, and electroporated 
into TF-1 cells. Mixed, polyclonal populations of G418 
resistant cells were established, and analysed for BCL-2, or 
MCL-1, expression by Western blotting. 

DNA fragmentation assay 
Apoptosis was induced by culturing TF-1 cells in media 

lacking GM-CSF for 24 h, or by stimulating cells for 24 h 
with 12-phorbol-myristate-13-acetate (TPA) (0.2 ng/ml). 
Then, 106 cells per lane were directly loaded onto an agarose 
gel, containing 2% SDS and 60 ng/ml of proteinase K as 
described by McGahon et al.30 Samples were electrophoreti- 
cally separated for 6-10 h at 60 V and the gel was stained 
with ethidium bromide. 

Analysis of caspase-3 activity 
TF-1 cells were either deprived of GM-CSF for 48 h, or 

were treated with TPA (0.1 ng/ml) for 48 h, and then the 
enzymatic activity of caspase-3 was determined using an 
ApoAlert® cpp32/caspase-3 assay kit (Clontech, Palo Alto, 
CA) as suggested by the manufacturer. Briefly, 2 x 106 cells 
were resuspended in 50 nl of lysis buffer and then reaction 
buffer and a chromogenic cpp32 substrate (DEVD-pNA) 
were added. Reactions were incubated at 37°C for 1 h and the 
chromogenicity of the samples was measured at 405 nm. 

Western blot analysis 
TF-1 cells were either grown in the presence of growth 

factors (GM-CSF, IL-3, Epo, TNF or IL-1), or were washed 
twice in media without GM-CSF and cultured in the absence 
of exogenous growth factors. TF-1 cells were also treated 
with TPA in the presence or absence of GM-CSF for the 
times indicated. The TF-1 cells were then resuspended in 
SDS-lysis buffer and the samples were electrophoretically 
separated on a 12% SDS-PAGE gel. After transfer to a 
nitrocellulose membrane, the gel was stained with Coomassie 
blue to demonstrate equal loading of proteins in all lanes. 
The presence and amount of BCL-2 protein were detected 
using a monoclonal antibody that specifically recognizes 
BCL-2 (Oncogene Science, Cambridge, MA). The membrane 
was reprobed with a polyclonal anti-MCL-1 antibody 
(Pharmingen, San Diego, CA), an anti-Bax antibody (kindly 
provided by John Reed) or an anti-BCL-X antibody (Santa 
Cruz Biotechnology, Santa Cruz, CA). Western blots were 
developed using the Amersham ECL kit and exposed to 
Kodak XAR film for 30 s (for BCL-2, Bax and BCL-x 
detection) or for 1 min (for MCL-1 detection). 
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IL-lß INDUCES SERINE PROTEASE INHIBITOR 3 
(SPI-3) GENE EXPRESSION IN RAT PANCREATIC 

ß-CELLS. DETECTION BY DIFFERENTIAL 
DISPLAY OF MESSENGER RNA 

Meng-Chi Chen, Frans Schuit, Daniel G. Pipeleers, Decio L. Eizirik* 

Immune-mediated ß-cell damage induces diverse intracellular signals, leading to transcription of 
different genes which may either contribute to ß-cell repair and/or defence or lead to cell death. 
The cytokine interleukin-lß (IL-1) is a potential mediator of ß-cell dysfunction and damage in 
type 1 diabetes mellitus. To understand the molecular actions of this cytokine upon ß-cells, this 
study aimed at the cloning of genes induced in FACS-purified rat pancreatic ß-cells by a 6- or 
24-h exposure to IL-1 by using differential display of mRNA with reverse transcription- 
polymerase chain reaction (DDRT-PCR). Among these cytokine-induced genes, a gene encoding 
for rat serine protease inhibitor (SPI-3) was isolated. SPI-3 may be involved in cellular defence 
responses against inflammatory stress. RT-PCR analysis confirmed that SPI-3 mRNA expres- 
sion in rat ß-cells is increased by IL-1 at an early stage (2 h), with maximal accumulation during 
6-12 h and decline after 24 h. Similar observations were made in mouse pancreatic islets and in 
the rat insulinoma cell line RINm5F. IFN-y neither increased SPI-3 gene expression nor 
potentiated its induction by IL-1 in rat ß-cells. The stimulatory effects of IL-1 on SPI-3 mRNA 
expression were decreased by co-incubation with an inhibitor of gene transcription (actinomycin 
D), an inhibitor of protein synthesis (cycloheximide) or an inhibitor of NF-KB activation 
(PDTC). On the other hand, a blocker of inducible nitric oxide synthase (iNOS) activity 
(NG-methyl-L-arginine) did not prevent IL-1-induced SPI-3 expression. Thus, SPI-3 mRNA 
expression following IL-1 exposure depends on gene transcription, protein synthesis and 
activation of the nuclear transcription factor NF-KB, but it is independent of NO formation. 

© 1999 Academic Press 

Dysfunction and damage of ß-cells in early insulin 
dependent diabetes mellitus (IDDM) may result from a 
direct contact with islet infiltrating mononuclear cells 
(reviewed in Ref. 1) and/or exposure to inflammatory 
mediators produced by these cells, such as cytokines 
and toxic free radicals (reviewed in (Refs 2, 3, 4). In 
vitro studies have shown that the cytokine interleukin 
Iß (IL-1) inhibits glucose-stimulated insulin secretion 
and biosynthesis in a concentration and time depen- 
dent manner and, together with interferon y (IFN-y) 
and/or tumour necrosis factor a (TNF-a), leads to 
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ß-cell destruction.2 Exposure of ß-cells to IL-1 induces 
diverse intracellular signals, leading to transcription of 
different genes which may either contribute to cell 
death or support processes leading to cell defence and 
repair.2'5 

In order to further clarify the mechanisms 
involved in IL-1-induced ß-cell dysfunction, we 
searched for new cytokine-related genes using the 
differential display technique (DDRT-PCR).6'7 This 
method is based on comparison of mRNAs expressed 
in purified rat ß-cells exposed to control condition or 
cytokines, by running their reverse transcribed PCR 
products in adjacent lanes in sequencing gels. Bands 
showing differential expression are retrieved, amplified 
and used for cloning and sequencing. Following this 
approach, we identified a cDNA with high homology 
to the rat gene encoding for serine protease inhibitor 
SPI-3.8 SPI-3 was previously described as an acute 
phase reactant secreted by hepatocytes in response to 
acute inflammation,8 and expression of this gene is 
induced in the hippocampus after transient forebrain 
ischaemia.9 In both cases, it was suggested that this 
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serine protease inhibitor may play a role in cellular 
protection against injury. This, and the observation 
that synthetic serine protease inhibitors protect rat 
pancreatic islets against IL-lß-induced inhibition of 
ß-cell function,10'11 prompted us to presently charac- 
terize the molecular regulation of the natural serine 
protease inhibitor SPI-3 in FACS-purified rat ß-cells. 

RESULTS 

DDRT-PCR 

As described in the original paper by Liang and 
Pardee,6 about 100 discreet bands were detected in 
each lane with different primer combinations (Fig. 1 A). 
The sensitivity of the method in our study, using a 
cDNA amount equivalent to 1200 and 5000 cells, is 
comparable to that described in previous studies.6'12 

The PCR signals were reproducible and abundance of 
the product correlated well with the starting cDNA 
concentration (Fig. 1A and B). IL-lß affected gene 
expression in a complex way, leading either to stimu- 
lation or inhibition of mRNA expression. Moreover, 
there was a clear temporal pattern on the effects of the 
cytokine on mRNA levels (Fig. IB). We have already 
observed more than 30 fragments differentially dis- 
played following IL-lß exposure, and we are in the 
process of cloning and DNA sequencing to identify 
their nature. 

SPI-3 expression 

One of the clones detected in the experiment 
outlined above (DD10) showed high homology (>98%) 
to the rat serine protease inhibitor-3 gene at the 
position 1190-1620 (GenBank XI63 59), the region 
encompassing the antiprotease-reactive center and 3' 
untranslated sequence, which is specific for this gene.8 

Using gene specific primers and RT-PCR we confirmed 
that SPI-3 gene is inducible by IL-1 in rat ß-cells 
(Fig. 2). DNA sequencing of the SPI-3 PCR product 
confirmed the identity of the gene (data not shown). 
Control   ß-cells   (i.e.   not   exposed   to   cytokines) 

TTT *?W*ttf*^ 

Figure 1. Detection of IL-lß-induced changes in gene expression in 
rat pancreatic ß-cells by DDRT-PCR. 

Rat ß-cells (106 cells) were exposed to IL-lß (30 U/ml) or control 
condition for 6 or 24 h. Poly (A)+ mRNA was extracted and 
DDRT-PCR was performed as described in Materials and Methods. 
(A) Characteristic pattern of polyacrylamide gel electrophoresis of 
amplified cDNA. Arrowheads indicate bands differentially displayed 
following IL-lß exposure; (B) IL-lß may affect gene expression by: 
(I) early and transient induction; (II) early and prolonged induction; 
(III) late induction; (IV) early suppression; (V) late suppression. 
Lanes 1 and 5, 6 h control; lanes 2 and 6, 6 h IL-lß; lanes 3 and 7, 
24 h control; lanes 4 and 8, 24 h with IL-lß. Samples loaded on lanes 
5, 6, 7 and 8 were amplified from one fourth of the amount of cDNA 
used in lanes 1, 2, 3 and 4. 
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Figure 2. Time course of IL-1-induced SPI-3 gene expression in rat 
P-cells. 

(A) Rat ß-cells (5 x 104 cells/well) were exposed to IL-1 (30 U/ml) or 
control condition for the indicated time periods. SPI-3 and GAPDH 
mRNA levels were analysed by RT-PCR using cDNA aliquot 
equivalent to 3 x 103 cells as described in Materials and Methods. 
The pictures shown are representative of three independent exper- 
iments with similar results. (B) Semi-quantitative analysis of 
RT-PCR where band intensities for SPI-3 were corrected for inten- 
sities of GAPDH and expressed as arbitrary units of optical intensity 
(O.D.). The results are means ± SEM of three independent exper- 
iments. *P<0.05 vs control. (D), control; (O), IL-1. 

expressed very low or undetectable levels of SPI-3 
mRNA (Fig. 2). Treatment with IL-lß for 2h 
increased gene expression by about 5-fold. There was 
further increase in SPI-3 expression after 6 h (12-fold 
compared to basal levels), followed by a progressive 
decrease in mRNA levels after 12- and 24-h continuous 
exposure to IL-lß. On the other hand, preparations of 
rat islet non-ß-cells (containing >80% a-cells) pre- 
sented higher basal expression of SPI-3 but did not 
increase the expression of this mRNA following 6 h 
exposure to IL-1 (n=3; data not shown). The rat 
insulinoma cell line RINm5F also showed an early 
increase in SPI-3 expression in response to IL-1. After 
2- and 6-h exposure to IL-1 there was a 4- and 6-fold 
increase, respectively in SPI-3 mRNA content (values 
corrected per GAPDH, as described in Fig. 2; results as 
means of two similar experiments). Mouse pancreatic 

Figure 3. Effect of IL-lß and IFN-y on SPI-3 mRNA expression in 
rat ß-cells. 

Rat ß-cells were exposed to IL-1 (30 U/ml) and/or IFN-y (1000 U/ 
ml) for 6h. SPI-3 and GAPDH mRNA levels were analysed by 
RT-PCR using gene-specific primers as described in Figure 2. Data 
are expressed as O.D. of SPI-3 corrected for GAPDH expression. 
The results are means ± SEM of four independent experiments. 
*JP<0.01 vs control cells. 

isles exposed to IL-1 for 2 or 24 h showed a 2-3-fold 
and 10-fold increase, respectively in SPI-3 mRNA 
expression (values corrected per GAPDH, as described 
in Fig. 2; n-A). Based on the findings described in Fig. 
2, we selected 6 h for further studies on the regulation 
of SPI-3 expression in rat ß-cells (see below). 

Culture of rat ß-cells for 6 h in the presence of 
IFN-y did not cause detectable changes in SPI-3 
mRNA content (Fig. 3). Moreover, IFN-y did not 
potentiate the stimulatory effect of IL-1 on SPI-3 
expression. Similar results were obtained when we 
prolonged the exposure time to IFN-y and/or IL-1 
to 24 h, i.e. IFN-y again failed to increase SPI-3 
expression (data not shown). 

In a subsequent series of experiments we investi- 
gated whether gene transcription and protein synthesis 
are necessary steps for SPI-3 induction. Both actino- 
mycin D (an inhibitor of gene transcription) and 
cycloheximide (an inhibitor of protein biosynthesis) 
decreased IL-1-induced SPI-3 mRNA levels by 70-90% 
(Fig. 4). To test whether the nuclear transcription 
factor NF-KB is required for SPI-3 mRNA expression, 
rat ß-cells were exposed to IL-lß in the presence of the 
NF-KB inhibitor PDTC. This agent induced a partial 
decrease (50%) in SPI-3 expression (Fig. 4; P<0.01 vs 
controls and P<0.01 vs IL-1; ANOVA). It has been 
previously shown that IL-lß, under conditions similar 
to the ones used in the present experiments, induces 
expression of iNOS mRNA and synthesis of NO by 
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Figure 4. Effects of cycloheximide (CHX), actinomycin D (Act-D), 
L-MA and PDTC on IL-1-induced SPI-3 mRNA expression in rat 
ß-cells. 

Rat ß-cells were pretreated with cycloheximide (20 mg/ml) for 
30 min, actinomycin D (5 ug/ml) for 30 min or PDTC (100 uM) for 
1 h before addition of IL-1 (30 U/ml) and subsequent culture for 6 h. 
L-MA (1 mM) was added together with IL-lß. RT-PCR for SPI-3 
and GAPDH mRNAs were performed as described in Figure 2. 
Data are expressed as O.D. of SPI-3 corrected for GAPDH expres- 
sion. The results are means ± SEM of 3-8 independent experiments. 
*P<0.01 vs control cells, ANOVA and paired (-test. 

FACS-purified rat ß-cells,13'14 a finding reproduced in 
the present study (data not shown). To evaluate 
whether NO mediates the stimulatory effect of IL-lß 
on SPI-3 expression, rat ß-cells were exposed to the 
cytokine in the presence of the iNOS inhibitor 
NG-methyl-L-arginine (L-MA). This agent, at a concen- 
tration (1 mM) which fully inhibits IL-lß-induced 
nitrite production (data not shown) failed to 
significantly decrease SPI-3 expression (Fig. 4). 

DISCUSSION 

The DDRT-PCR method has been widely used to 
detect altered gene expression in eukaryotic cells.6'12,15 

This method allows the simultaneous identification of 
up- and down regulated mRNAs in multiple samples. 
It is more sensitive and requires less RNA material 
than conventional subtractive hybridization.16'17 These 
advantages allow us to study various early and late 
responsive genes regulated by IL-lß in rat ß-cells, 
aiming to find new candidate genes which might be 
involved in ß-cell defence or damage. The use of 
FACS-purified ß-cells provides an homogeneous and 
well-defined cell population, and obviates the problem 

of detecting non-ß-cell genes, inherent to DDRT-PCR 
or similar methods performed in whole islet prepara- 
tions. Previous studies on purified ß-cells showed that 
exposure to IL-lß for >20h strongly suppress their 
main glucose-inducible functions, namely insulin syn- 
thesis and release,18 while it stimulates the expression 
of other proteins, such as iNOS, heat shock protein 70, 
Mn Superoxide dismutase and haem oxygenase.13 In 
this study we described the detection and identification 
of a novel IL-1-inducible gene in ß-cells, the serine 
protease inhibitor SPI-3. Other IL-1 regulated genes 
identified by the DDRT-PCR will be reported 
elsewhere. 

The gene product of SPI-3 has been reported as an 
acute phase protein, and its expression is induced by 
both IL-6 and glucocorticoids in hepatic cells.8 SPI-3 is 
also induced in gerbil astrocytes following transient 
forebrain ischaemia.9 In both cases, it was suggested 
that this protein blocks protease activity leaking from 
degenerative cells, and may thus decrease the local 
inflammatory response. Moreover, it has been pre- 
viously observed that chemical serine protease inhibi- 
tors prevent IL-lß-induced ß-cell dysfunction.10'11 The 
present observation that SPI-3 is also induced by IL-1 
in pancreatic ß-cells suggests that this gene may be 
part of a general cellular response to inflammatory- 
mediated cellular dysfunction. Unfortunately, the lack 
of specific antibodies against SPI-3 has up to now 
hampered studies to characterize the expression of 
this protein under different in vivo conditions of 
autoimmune assault. 

As previously described for iNOS and arginino- 
succinate synthetase (two genes involved in NO pro- 
duction by ß-cells),19'20 the IL-1-induced increase in 
SPI-3 mRNA abundance requires gene transcription, 
protein synthesis and activation of the transcription 
factor NF-KB (present data). Similarly to iNOS,5 the 
promoter region of SPI-3 contains oligonucleotide 
elements homologous to sequences for the binding of 
several transcription factors, including NF-KB,

21
 thus 

reinforcing the putative relevance of this transcription 
factor for the expression of both genes (Ref. 14, present 
data). It is noteworthy that IFN-y, which has been 
reported to induce SPI-3 mRNA expression in rat 
hepatocytes via STAT activation,22'23 did not have a 
similar effect on rat ß-cells (present data). We have 
previously shown that IFN-y activates STAT and 
IRF-1 in rodent insulin-producing cells,5'14 but it is 
conceivable that the SPI-3 promoter in ß-cells respond 
to different transcription factors than those described 
for hepatocytes. Further studies are required to clarify 
this issue. 

The observation that SPI-3 expression is affected 
by agents which also inhibit iNOS mRNA expres- 
sion19'24 raises the question on whether IL-1 increases 
SPI-3 mRNA levels via NO formation. The present 
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findings that SPI-3 is already induced by IL-1 in ß-cells 
after 2 h, while medium nitrite (a stable by product of 
NO formation) is only detected after 4-6 h of exposure 
to the cytokine (Ref. 19; Pavlovic et al, unpublished 
data), and that L-MA, an iNOS blocker, fail to signifi- 
cantly decrease SPI-3 expression, argue against this 
possibility. 

In conclusion, we presently describe a rapid stimu- 
latory effect of IL-lß on the expression of SPI-3 
mRNA in pancreatic ß-cells. The protein product of 
this gene may have protective effects against ß-cell 
damage in the course of insulitis, and further studies 
will be devoted to the characterization of ß-cell SPI-3 
expression under in vivo conditions and on the poten- 
tial protective role for up-regulation of this gene 
against cytokine-induced ß-cell damage. 

MATERIALS AND METHODS 

Cell isolation and culture 
Pancreatic islets were isolated from 10-week-old male 

Wistar rats by collagenase digestion followed by dissociation 
into single cells as was previously described in detail.25 

Briefly, islet ß-cells were isolated on the basis of high light 
scatter and high flavin adenine dinucleotide (FAD)- 
fluorescence at 2.8 mM glucose using autofluorescence- 
activated cell sorting (FACStar, Beckton-Dickinson, 
Sunnyvale, USA).25 Purified rat ß-cells (>95% purity) were 
precultured overnight at 37°C in Ham's F-10 medium 
(GIBCO BRL-Life Technologies, UK) supplemented with 
5 mg/ml charcoal-treated bovine serum albumin (BSA; frac- 
tion V, RIA grade, Sigma, St Louis, MO), 0.1 mg/ml strep- 
tomycin, 12.5 U/ml penicillin, 0.3 mg/ml L-glutamine and 
10 mM glucose. This was followed by culture at 37°C in 
Ham's F-10 medium (GIBCO) supplemented with 10 mM 
glucose, 5 mg/ml BSA, 0.1 mg/ml streptomycin, 12.5 U/ml 
penicillin, 0.3 mg/ml L-glutamine and 50 uM 3-isobutyl-l- 
methylxanthine (IBMX; Jansen Chimica, Beerse, Belgium).26 

For DDRT-PCR, 106 cells were treated with 30 U/ml 
recombinant human IL-lß (kindly provided by Dr C. W. 
Reynolds, National Cancer Institute, USA) for 6 or 24 h 
before mRNA isolation (see below). These time points were 
selected to provide information on both early and direct 
induction of genes by IL-lß (6 h) and subsequent cellular 
responses to IL-lß-induced stress (24 h).5 Control cells were 
cultured for the same time period in the absence of cytokines. 

To characterize SPI-3 mRNA expression, rat ß-cells (105 

cells) were exposed for either 2, 6, 12 or 24 h to IL-lß alone 
(30 U/ml), or for 6 h to the cytokine in the additional 
presence of the protein synthesis inhibitor cycloheximide 
(20 ug/ml; Sigma Chemicals, St Louis, MO), the gene tran- 
scription inhibitor actinomycin D (5 ng/ml; Sigma Chemi- 
cals), the NF-KB inhibitor pyrrolidine dithiocarbamate 
(PDTC, 100 uM; Sigma Chemicals) or the iNOS inhibitor 
N°-methyl-L-arginine (L-MA, 1 mM; Sigma Chemicals). In 
some experiments the cells were also exposed to 1000 U/ml 
recombinant murine interferon y (Life Technologies, Gent, 
Belgium). The choice of cytokine and inhibitor agent concen- 

trations was based on our previous data on insulin-producing 
cells and pancreatic islets, having as biological end point 
stimulation (cytokines) or inhibition (all other agents) of 
cytokine-induced iNOS expression and/or activity.19,20,24'27 

The insulinoma cell line RINm5F (provided by Ä. 
Lernmark, then at the Hagerdon Institute, Copenhagen, 
Denmark) was cultured at 5 x 104 cells/well in medium 
RPMI-1640 supplemented with 10% (V/V) fetal calf serum 
(FCS), 0.1 mg/ml streptomycin, and 12.5 U/ml penicillin.28 

Islets from C57 BL/6 mice were isolated by collagenase 
digestion, and the islets cultured for 24 h in Ham's F10 as 
described above. 

mRNA isolation 
Poly(A) + RNA was isolated from cell aggregates using 

oligo(dT)25-coated polystyrene Dynabeads (Dynal, Oslo, 
Norway). The yield of mRNA in each sample was evaluated 
by RT-PCR amplification of the "house keeping" gene 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). We 
have previously shown that IL-1 does not affect GAPDH 

29 expression. 

Differential display of mRNA (DDRT-PCR) 
The DDRT-PCR procedure was modified from the 

original protocol described by Liang and Pardee.6 The 
reverse transcription reaction was performed at 42°C for 1 h 
and contained (per 10 ul) mRNA equivalent to 8 x 104 cells, 
1 x reverse transcription buffer, 5 mM MgCl2, 250 mM of 
each deoxyribonucleoside triphosphate, 2 |iM of either 
T,2MG, T12MA, T12MT or T12MC (where M is a mixture of 
dA, dC and dG) and 100 U of Moloney murine leukaemia 
virus reverse transcriptase (Perkin Elmer, Norwalk, CT, 
USA). The cDNAs then obtained were diluted into two 
concentrations equivalent to 2500 and 600 cells per til. PCR 
reactions were performed in a DNA thermal cycler 9700 
(Perkin Elmer) in 20 at reaction solution containing 2 JJ.1 

cDNA, 2.5 iiM of the original T12MN primers, 0.5 uM 
arbitrary upstream primers,12 25 uM of each deoxyribonucle- 
oside triphosphate, 1 x PCR buffer, 1.5 mM MgCl2, lOuCi 
[a-33P]dATP (1000-3000 Ci/mmol, Amersham, Little 
Chalfont, Bucks, UK), and 1 U AmpliTaq DNA polymerase 
(Perkin Elmer). The thermal cycling included 40 cycles of 
denaturation for 30 s at 94°C, annealing for 2 min at 42°C, 
extension for 30 s at 72°C, followed by 5-min post extension 
at 72°C. Each sample was run in parallel at two starting 
cDNA concentrations (see above). This use of duplicate 
samples, with a 4-fold difference in concentration, decreases 
the risk of false-positive findings during the DDRT-PCR 
(data not shown). The amplified cDNAs were separated on a 
6% polyacrylamide gel and then blotted onto a piece of 
Whatman 3-mm filter paper and dried without fixation. The 
gels were exposed to X-ray film (Kodak, Rochester, NY, 
USA) for 2 days. Bands showing differential expression in 
both duplicates and having a fragment length of 300-600 bp 
were excised, eluted in boiling water and reamplified using 
the same primer combination as in the condition described 
above, except that no radioisotope was added. Reamplified 
cDNAs were first visualized on a 1.5% agarose gel to verify 
size and then cloned into the pCR2.1 vector using the TA 
cloning system (Invitrogen, San Diego, CA). Bacterial cells 
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picked from positive colonies were mixed with PCR mixture 
and the plasmid DNA were amplified using Ml3 and T7 
primers. The sizes of amplified fragments were examined to 
verify the presence of the cDNA inserts. Clones of interest 
were further analysed by automated DNA sequencing (ABI 
PRISM 310 Genetic Analyzer) using M13 primer and the 
Dye Terminator Cycle Sequencing kit (Perkin Elmer). The 
cDNA sequences were compared to those contained in the 
GenBank and EMBL database using GCG sequencing 
analysis software (Genetics Computer Group, Madison, 
USA) 

RT-PCR 
Due to limited availability of purified rat ß-cells, we 

performed RT-PCR instead of Northern blot to confirm the 
differential expression of the SPI-3 gene detected during 
DDRT-PCR. mRNA was prepared as described above from 
105 cells. The reverse transcription reaction was performed at 
42°C for 1 h, and contained (per 10 ul) mRNA equivalent to 
6 x 103 cells, 1 x reverse transcription buffer, 5 mM MgCl2, 
1 mM of each deoxyribonucleoside triphosphate, 2.5 uM 
random hexamer primers and 100 units of Moloney murine 
leukaemia virus reverse transcriptase (Perkin Elmer). The 
subsequent PCR reaction contained (in 25 ul reaction solu- 
tion) 5 ul cDNA, 0.4 uM of forward and reverse primers, 
200 uM of each deoxyribonucleoside triphosphate, 1 x PCR 
buffer, 2 mM MgCl2, and 0.625 U AmpliTaq Gold DNA 
polymerase (Perkin Elmer). PCR specificity and efficiency 
was improved by using hot start PCR with 12 min predena- 
turation at 95°C and then 28 (GAPDH) or 31 (SPI-3) cycles 
of: 94°C for 45s, 58°C for 45s and 72°C for 80s. For 
semi-quantitative PCR, the housekeeping gene GAPDH was 
included as control. To enable comparisons between the 
relative amounts of SPI-3 mRNA among different samples, 
external standards for SPI-3 and GAPDH cDNA were used 
in the PCR reactions. PCR external standards were prepared 
from a dilution series of PCR products (4 points), each 
containing increasing amounts of target cDNA. These seri- 
ally diluted standards were amplified simultaneously with 
cDNA samples. The primer sequences were SPI3-F: 5'-CAA 
ATT TGT TCC AAT GTC TGC-3'; SPI3-R: 5'-AAT CGT 
GCA CAG TCC CAT CAA-3'; GAPDH-F 5'-TCC CTC 
AAG ATT GTC AGC AA-3'; GAPDH-R 5'-AGA TCC 
ACA ACG GAT ACA TT-3'. The identity of PCR frag- 
ments of SPI-3 gene were confirmed by DNA sequencing. 
The ethidium bromide-stained agarose gel was photographed 
under UV-transillumination using Kodak Digital Science 
DC40 camera (Kodak, Rochester, NY, USA). Abundance of 
the PCR product of interest (SPI-3) was assessed by Biomax 
ID Image analysis software (Kodak) and expressed in pixel 
intensities (O.D.), normalized for the abundance of the 
GAPDH signal amplified from the same cDNA sample. 

Statistical analysis 
Values are expressed as means ± SEM. Group compari- 

son were performed by Student's paired or unpaired Mest, 
and multiple comparisons were performed by analysis of 
variance (ANOVA) followed by paired or unpaired t-tests 
with the Bonferroni correction for multiple comparisons.30 
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BIOLOGICAL FUNCTIONS OF RECOMBINANT 
BOVINE INTERLEUKIN 6 EXPRESSED IN A 

BACULOVIRUS SYSTEM 

M. Yoshioka, Y. Mori, S. Miyazaki, T. Miyamoto, Y. Yokomizo, Y. Nakajima 

The cDNA encoding bovine interleukin 6 (IL-6) was obtained from messenger RNA extracted 
from lipopolysaccharide-stimulated bovine Kupffer cells by the reverse transcription polymerase 
chain reaction (RT/PCR), and cloned into the baculovirus vector pVL 1392. Insect cells 
(Sf21AE derived from Spodoptera frugiperdd) infected with the recombinant baculovirus 
secreted a large amount of 23.7 kD protein into the culture medium. This protein was capable of 
causing increased haptoglobin production and decreased albumin production in primary cultured 
bovine hepatocytes. The swine and human IL-6s were also able to decrease albumin production 
in bovine hepatocytes. This recombinant IL-6 did not stimulate the proliferation of 7TD1 cells 
(a murine IL-6-dependent cell line), whereas the recombinant swine IL-6 which was expressed in 
the same baculovirus system, and recombinant human IL-6 derived from Escherichia coli were 
each capable of stimulating proliferation of 7TD1 cells, respectively. This suggests a species 
restriction between bovine IL-6 and murine IL-6 dependent cell lines. 
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Interleukin 6 (IL-6) is a multifunctional cytokine 
with roles in the regulation of the immune response 
and the host defence reaction, and it is produced by a 
variety of cell types.' The biological activities of IL-6 
include differentiation of B cells, activation of T cells, 
growth promotion of hybridomas/plasmacytomas, 
proliferation of haematopoietic stem cells and stimula- 
tion of the acute phase response by hepatocytes.2^ 
Over-expression of IL-6 is known to be an important 
feature of the pathogenesis of a number of inflamma- 
tory diseases, and may also be a good marker for the 
diagnosis of systemic inflammatory response syndrome 
(SIRS) and hypercytokinaemia. 

Human IL-6 consists of a single polypeptide chain 
of 184 amino acids. It is known that the IL-6 produced 
by mammalian cells is N- and O-glycosylated.5 The 
structural sequences of the IL-6 gene are less well 
conserved among mammalian species. At the protein 
level, bovine IL-6 shows 65, 53 and 42% homology to 
the porcine, human and murine IL-6s, respectively.6 
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Human IL-6 is capable of stimulating the prolifer- 
ation of murine IL-6-dependent hybridoma cell lines,7 

although IL-6 genes are also less conserved between 
human and mouse (42% at the amino acid level). 
However, a bioassay using a murine IL-6-dependent 
cell line is not adequate for measurement of the bovine 
IL-6 level.8 A sensitive and accurate method for detect- 
ing the level of IL-6 is needed for the diagnosis of many 
inflammatory diseases in cattle, as well as basic studies 
of IL-6 functions. We have cloned and expressed the 
amino acids-coding region of bovine IL-6 in a baculo- 
virus system, as an initial step to establish a sensitive 
assay for IL-6 in cattle. 

RESULTS 

Expression of bovine IL-6 in the baculovirus 
system 

The single-stranded cDNA encoding bovine IL-6 
was amplified using PCR. The PCR products were 
cloned into pVL 1392 and sequenced. The derived 
sequence contained an open reading frame of 624 bp, 
encoding 208 amino acids with a predicted molecular 
weight of 23 758 Da. The nucleotide sequence was 
entirely identical to the bovine IL-6 reported by 
Droogmans et al.6 The resultant transfer vector 
pVLBoIL-6  was co-transfected with  a baculovirus 
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Figure 1.   Expression of rBoIL-6 protein by recombinant baculovirus. 

Proteins were analysed by electrophoresis on SDS-12.5% PAGE, 
followed by staining with Coomassie brilliant blue R-250. Lane M: 
marker proteins. Lane 1: supernatant of pVLBoIL-6-infected cells 3 
days after infection. Lane 2: supernatant of pVLBoIL-6-infected cells 
4 days after infection. Lane 3: 10-fold concentrated supernatant of 
non-infected cells 4 days after infection. Lane 4: supernatant of 
wild-type AcNPV-infected cells 4 days after infection. Lane 5: 
Western blot of the same samples as lane 1 with a rabbit anti ovine 
IL-6 antiserum. 

(AcNPV) on SßlAE cells. After cloning, the recom- 
binant baculovirus containing bovine IL-6 (AcBoIL-6) 
was obtained. The secreted proteins reactive with anti- 
ovine IL-6 antiserum in the concentrated supernatant 
were detected by a Western blot analysis (Fig. 1). In 
addition, the secreted protein cross-reacted with anti- 

human IL-6 rabbit serum (data not shown). The 
molecular size of the secreted protein was about 
23.7 kDa. 

Biological activity ofrBoIL-6 
In order to examine the activity of recombinant 

bovine IL-6 (rBoIL-6) on bovine cells, the induction of 
acute phase proteins by IL-6 was measured in primary 
cultured bovine hepatocytes. As shown in Figure 2, the 
supernatant of the cell culture that had been infected 
with AcBoIL-6 showed reduced albumin production 
(measured in an ELISA assay) in a dose-dependent 
manner. The same bovine hepatocytes were much less 
responsive to control supernatant which was derived 
from AcNPV wild-type virus-infected cells. Recom- 
binant human IL-6 (rHuIL-6) expressed in E. coli, 
dose-dependently reduced albumin production by 
bovine hepatocytes, but the degree of reduction at 
rHuIL-6 concentrations of 1000ng/ml was less than 
that obtained with supernatant containing rBoIL-6. 
Recombinant swine IL-6 (rSwIL-6) expressed in the 
baculovirus system, produced in the same baculovirus 
system, also reduced albumin production by bovine 
hepatocytes. 

In contrast to the decrease in albumin production, 
rBoIL-6 induced haptoglobin production by bovine 
hepatocytes (Fig. 3). Although primary cultured 
bovine hepatocytes secreted a small amount of hap- 
toglobin in the non-stimulated state, rBoIL-6 increased 
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Figure 2.   Albumin production by bovine hepatocytes in response to IL-6. 

rHuIL-6 (ng/ml) 

Albumin concentration of the culture supernatant of hepatocytes stimulated with IL-6 samples was determined with an ELISA. Samples were 
(i) serially diluted culture supernatant of AcBoIL-6 (rBoIL-6), (ii) AcSwIL-6 (rSwIL-6), (iii) wild type AcNPV infected cells (wild type), and (iv) 
rHuIL-6 expressed in E. coli (1000, 100, 10, 1, 0 ng/ml). Means and standard deviations are shown. 
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Figure 3. Immunoblot analysis of haptoglobin secretion by bovine 
hepatocytes in response to rBoIL-6. 

The haptoglobin in the culture supernatant from hepatocytes stimu- 
lated with IL-6 was detected by immunoblotting. 10 ul culture 
medium concentrated to a quarter of the original volume was 
separated by SDS-PAGE, blotted and reacted with anti-bovine 
haptoglobin. Lane M: marker proteins. Lane 1: rBoIL-6. Lane 2: 
10-fold dilution of rBoIL-6. Lane 3: 100-dilution of rBoIL-6. Lane 4: 
Supernatant of wild-type AcNPV-infected cells. Lane 5: Supernatant 
of non-infected cells. Lane 6: medium control. Lane 7: positive 
control (500-fold dilution acute-phase calf serum). 
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Figure 4.   Proliferative response of 7TD1 cells to recombinant IL-6s. 

The culture supernatant of Sf21AE cells infected with AcBoIL-6 was 
used to stimulate the proliferation of 7TD1 cells for 72 h. The 
colorimetric assay was done by the MTT method. Recombinant 
HuIL-6 expressed in E. coli, and rSwIL-6 expressed in baculovirus 
system, were simultaneously assayed as positive controls. (□), 
rBoIL-6; (O), rSwIL-6; (V), rHuIL-6 (10ng/ml); shaded area indi- 
cates negative control range. 

haptoglobin secretion dose dependently. The super- 
natants derived from either non-infected cells or 
AcNPV wild type virus-infected cells, as a negative 
control, failed to increase haptoglobin production. 

Proliferation assays for the baculovirus-expressed 
rBoIL-6 were done using 7TD1 cells, which offer a 
highly sensitive proliferation assay for human, porcine 
and murine IL-6. As shown in Figure 4, the super- 
natant of Sf21AE cell culture that had been infected 
with AcBoIL-6, poorly stimulated proliferation of 
7TD1 cells. Recombinant HuIL-6 and rSwIL-6 were 
assayed as positive controls. In the assay shown in 
Figure 4, activity of rHuIL-6 at 100 pg/ml was con- 

verted into 1 standard unit. The supernatant contain- 
ing rSwIL-6 strongly stimulated proliferation of 7TD1 
cells, and its biological activity was calculated at over 
1 x 105U/ml when compared with human IL-6 as a 
standard. This proliferation induced by rSwIL-6 was 
inhibited by anti-human IL-6 antiserum (data not 
shown). A combination of the supernatant containing 
rBoIL-6 and rHuIL-6 did not affect proliferation 
activity of rHuIL-6 (data not shown), suggesting that 
the supernatant containing rBoIL-6 was not cyto- 
toxic to 7TD1 cells. The supernatant of SG1AE 
cells infected with AcNPV wild type virus did not 
proliferate 7TD1 cells. 

DISCUSSION 

In the present study, we succeeded in cloning and 
expressing bovine recombinant IL-6 in a baculovirus 
system. The sequence is identical to that reported by 
Droogmans et al.6 Recombinant BoIL-6 was unable to 
stimulate the proliferation of 7TD1 cells. However, this 
protein retained other functional activities of IL-6, in 
the induction of acute phase proteins (increase of 
haptoglobin, decrease of albumin) by bovine primary 
cultured hepatocytes. 

We tried to assess the bioactivity of bovine IL-6 by 
proliferation assay using 7TD1 cells, but failed to 
detect IL-6 in the serum or milk of cows. There are 
other reports in which this assay was not effective in 
measuring ruminant IL-6.8 On the other hand, the 
7TD1 cell line has been used to test for bovine IL-6 
activity.9,10 We have been able to detect chicken or 
swine IL-6 in serum using this cell line.11 Recently, it 
has been reported that a recombinant caprine IL-6 
expressed in a baculovirus system stimulates the 
growth of 7TD1 cells.12 However, that report did not 
confirm that the antibodies to human IL-6 inhibited 
the proliferation of 7TD1 cells induced by the caprine 
IL-6. Rabbit antibodies to human IL-6 (Genzyme, 
Cambridge, MA, USA) inhibited the proliferation of 
7TD1 cells induced by human IL-6, but had no effect 
on bovine serum-induced proliferation of 7TD1 cells 
(unpublished data). 

Amino acid sequences of mammalian IL-6s are 
not extensively conserved. This is especially true for the 
bovine and murine IL-6 sequences, which show only 
42% homology. However, there is a high level of 
homology between the bovine IL-6 and the ovine IL-6 
(95%).6 There may be a partial species barrier between 
ovine IL-6 and murine cells which is not present 
between human IL-6 and murine cells.8 In that report, 
the recombinant ovine IL-6 expressed by a yeast sys- 
tem did not cause extensive proliferation of B9 murine 
myeloma cells, and human IL-6 did not stimulate 
immunoglobulin synthesis by ovine peripheral blood 
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mononuclear cells. In the present study, rBoIL-6, in 
addition to human and swine IL-6, was shown to 
induce acute phase protein synthesis. Human IL-6 
could induce acute phase protein in cattle by continu- 
ous infusion,4 and stimulate the secretion of serum 
amyloid-A and haptoglobin of acute phase protein in 
bovine hepatocytes in vitro.13 A similar species barrier 
has been noted between human and murine IL-6. 
Human IL-6 binds to the murine IL-6 receptor to 
stimulate murine IL-6-dependent cell lines, while 
murine IL-6 is unable to induce acute phase protein in 
human hepatoma (Hep3B) cells.14 In this study, we 
also observed that recombinant murine IL-6 expressed 
in E. coli failed to induce acute phase protein in bovine 
hepatocytes (data not shown). 

It has been proposed that IL-6 folds into a bundle 
of four a-helices (A, B, C and D).15 Four cysteine 
residues forming disulfide bridges at positions 72-78 
and 101-111 are conserved in the IL-6 of cow as well as 
in other species.16 IL-6 requires an a-helical structure 
and a positive charge at the C-terminus for its bio- 
activity.17'18 Two sets of leucine residues spaced at 
7-residue intervals (Leu 168, 175, 182 and Leu 152, 
159, 166 in the human sequence) play an important 
role in the receptor binding and bioactivity of IL-6. 
Compared with human IL-6, bovine IL-6 has some 
deleted amino acids in the mature sequence.20 Only 
Leu 168 and Leu 175 in the human sequence have 
equivalents in the bovine sequence, but Leu 182 is not 
present in most other IL-6 sequences. However, the 
substitution of Leu 168 with several other residues has 
no effect on bioactivity. A set of leucine residues in the 
human sequence (Leu 152, 159, 166) has equivalents in 
the rodent sequences. These absences of leucines may 
be important in the observed species barrier. 

The IL-6 receptor is composed of two poly- 
peptides, the a chain (IL-6r/gp80), an 80 kDa trans- 
membrane glycoprotein that binds IL-6 with low 
affinity, and the ß chain (gpl30), a 130 kDa trans- 
membrane glycoprotein that binds to the IL-6-IL-6r 
heterodimer to form a high affinity signal transducing 
complex.21 Critical residues in IL-6 for specific binding 
to IL-6r or gpl30 have been identified by site-directed 
mutagenesis.22 Human IL-6 binds to both human and 
rodent IL-6r, whereas rodent IL-6 interacts only with 
rodent cells.23 The common signal-transducing subunit 
gpl30 does not discriminate between different IL-6 or 
IL-6r species.23'24 One region of human IL-6 (residues 
Gly77-Glu95) is important for the interaction of IL-6 
with the IL-6r, and another region (residues Lys41- 
Ala56) is essential for the activation of gpl30.25'26 The 
midregion of IL-6 that recognizes IL-6r may be 
involved in the species barrier between bovine and 
murine IL-6s. 
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MATERIALS AND METHODS 

Construction of the bovine IL-6 cDNA 
recombinant transfer vector 

Bovine Kupffer cells were prepared by the centrifugal 
ehitriation method as previously described,27 and were stimu- 
lated with lug/ml of lipopolysaccharide (LPS; 0111:B4, 
Sigma, St Louis, MO, USA) for 3 h in RPMI1640) medium 
supplemented with 2% fetal calf serum. The messenger RNA 
was extracted from the stimulated Kupffer cells with an 
mRNA purification kit (Pharmacia, Uppsala, Sweden). A 
first strand cDNA was synthesized from 50 ng of the mRNA 
with an RNA PCR kit (Takara Shuzo, Kyoto, Japan). The 
entire coding region of bovine IL-6 cDNA was amplified by 
PCR with primers that were designed from the cDNA 
sequence reported by Droogmans et al6 Then, EcoRl and 
BamHl restriction enzyme sites were added to 5' and 3' ends 
of the PCR products. The sequences of the forward and 
reverse primers were 5'-TCCGG^7TCGAACAGCTAT 
GAACTCCCGCTT-3', and 5'-TGTACC^GGATGCCCA 
GGAACTACCACCATC-3', respectively. The PCR product 
was purified with a PCR Purification kit (Qiagen, Hilden, 
Germany), and ligated into the EcoRI- BamHl site of the 
baculovirus transfer vector pVL1392 (Pharmingen, San 
Diego, CA, USA), according to the protocol of the ligation 
kit (Pharmacia; Ready-To-Go T4 DNA Ligase). The recom- 
binant transfer vector (pVLBoIL-6) containing bovine IL-6 
cDNA was digested with EcoRI and BamHl enzymes 
and analysed by gel electrophoresis to certify the size and 
integrity of the inserted genes. Furthermore, the DNA 
sequence of the inserted portion was analysed by using an 
Autocyle Sequencing kit (Pharmacia). 

Expression of Bovine IL-6 
Purified DNA of the transfer vector pVLBoIL-6 and 

Baculogold Linearized Baculovirus DNA (Pharmingen) were 
mixed with Lipofectin (Gibco-BRL, Gaithersburg, MD, 
USA), then added to the Spodoptera frugiperda cell line 
Sf21AE.28 After 4 days incubation at 27°C, the supernatant 
fluid containing recombinant baculoviruses was subjected to 
plaque purification. The recombinant baculovirus AcBoIL-6 
that was obtained from pVLBoIL-6 and that contained 
bovine IL-6 cDNA was used for production of recombinant 
protein. Sf21AE cells were infected with AcBoIL-6 and 
cultured with serum-free medium Sf900II (Gibco-BRL) at 
27°C. 

Biochemical characterization of recombinant 
bovine IL-6 

The culture medium of Sf21AE cells infected with 
recombinant virus AcBoIL-6 was harvested after 3 days 
incubation, and centrifuged at 600 x g at 4°C for 10 min. The 
culture supernatant was further centrifuged at 40 000 x g for 
1 h, and then purified by a concentrator (300 kDa cut-off; 
Gottingen, Germany) to remove the virus and concentrated 
by ultrafiltration (10 kDa cut-off; Sartorius). The resultant 
culture supernatant was mixed with sample buffer (50 mM 
Tris-HCl pH6.8, 5% 2-mercaptoethanol, 20% sodium 
dodecyl sulfate (SDS), 0.1% bromophenol blue and 10% 
glyerol), boiled for 3 min, and subjected to an SDS-PAGE 
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analysis followed by staining with Coomassie brilliant blue 
R-250. Proteins separated by SDS-PAGE were also electro- 
transferred to nitrocellulose membranes by the standard 
method. Transferred membranes were blocked with a block- 
ing reagent (Block Ace; Dainippon Seiyaku, Osaka, Japan) 
and were incubated with rabbit anti-recombinant ovine 
IL-6 antiserum (Serotech, Kidlington, UK). An alkaline 
phosphatase-conjugated goat antibody to rabbit IgG (Sigma) 
was used as a secondary antibody and then alkaline phos- 
phatase activity was visualized by developing with a 
5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium 
chloride (BCIP/NBT) kit (Kirkegaard & Perry Laboratories 
Inc., Gaithersburg, MD, USA). 

Cell proliferation assay 
Biological activity of recombinant bovine IL-6 was 

assayed by using the IL-6 dependent murine hybridoma 
7TD1 cells as described by Van Snick et al.1 with modifica- 
tions. In brief, 7TD1 cells were incubated at a density of 
5 x 104 cells per well in 96-well microplates with the test 
sample in RPMI1640 with 10% fetal calf serum, 100U/ml 
penicillin, 100 ng/ml streptomycin, in a total volume of 200 jxl 
for 3 days at 37°C. The proliferation of 7TD1 cells was 
evaluated by using the MTT assay. Recombinant HuIL-6 
developed in E. coli and SwIL-6 expressed by the baculovirus 
system were included in this assay as positive controls. 

Primary culture of bovine hepatocytes 
Five male Holstein calves (up to 1 week old) were 

studied, and details of culturing have been described.29 

Briefly, 2 ml of cell suspension (5 x 105 cells/ml) in William's 
E medium containing 5% calf serum, 10 M insulin, 5 IU/ml 
aprotinin, and antibiotics (100U/ml penicillin, 100ug/ml 
streptomycin) were seeded on 35-mm plastic dishes (Sumi- 
tomo Bakelite, Tokyo, Japan), and the cells were incubated 
at 37°C for 4 h in a humidified atmosphere of 5% C02 in air. 
The medium was replaced, and monolayer cultures were 
further maintained for 24 h. The cells were washed 3 times 
with fresh medium and cultured for an additional 24 h in 
serum-free medium. Then the medium was exchanged with 
fresh serum-free medium and the test samples as stated in the 
figure legends were added. The supernatants were harvested 
after 24 h incubation, stored at — 20°C after centrifugation at 
700 g- x 10 min for bioassays. 

ELISA assay of albumin 
The bovine albumin content of the culture medium was 

determined using an ELISA assay by the method of 
Yamanaka et al.30 Bovine serum albumin (Seikagaku Co., 
Tokyo, Japan) or diluted culture medium were used to coat 
a flat-bottom 96-well microplate, and were reacted with a 
purified rabbit anti-bovine albumin IgG antibody as the first 
antibody, and then alkaline phosphatase-conjugated anti- 
rabbit IgG goat serum (Sigma) as the second antibody for 
colour development. 

Immunoblot analysis of haptoglobin 
The haptoglobin in the culture medium was identified by 

immunoblot analysis. Proteins separated by SDS-PAGE (5% 
stacking gel and 12.5% separation gel) were transferred to a 

nitrocellulose membrane at 0.8 mA per 1 cm2 for 1 h. The 
transferred haptoglobin was reacted with purified anti-bovine 
haptoglobin rabbit IgG, for 30 min at room temperature. 
After washing with 10 mM sodium phosphate buffer (pH 7.4) 
containing 0.14 M NaCl and 0.05% tween 80, the membrane 
was treated with alkaline phosphatase substrate system. 
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FLOW CYTOMETRICAL DETERMINATION OF 
INTERLEUKIN Iß, INTERLEUKIN 6 AND 

TUMOUR NECROSIS FACTOR a IN MONOCYTES 
OF RHEUMATOID ARTHRITIS PATIENTS; 

RELATION WITH PARAMETERS OF 
OSTEOPOROSIS 
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Wim J. Stevens 

Experimental data suggest that pro-inflammatory cytokines such as interleukin Iß (IL-lß), 
interleukin 6 (IL-6) and tumour necrosis factor a (TNF-a) are important in the pathogenesis of 
osteoporosis in rheumatoid arthritis. Therefore we compared the production of these cytokines 
by monocytes in 10 rheumatoid arthritis patients and 10 controls. Cytokine levels in rheumatoid 
arthritis patients were related to disease activity parameters, bone mineral density (BMD) 
corrected for age and sex (Z scores) and osteocalcin as a laboratory parameter of bone 
remodelling. Cytokines were determined by a flow cytometrical technique. There was a tendency 
for higher IL-lß levels in patients compared with controls. A positive correlation between 
erythrocyte sedimentation rate and spontaneous production of monocytic cytokines was found. Z 
scores of the lumbar spine showed a negative correlation with spontaneous production of IL-lß 
and IL-6. Plasma osteocalcin levels were positively correlated with spontaneous production of 
IL-lß, IL-6 and TNF-a. In conclusion, the correlation of the levels of these cytokines with 
parameters of bone metabolism and osteoporosis suggest that especially IL-lß and IL-6 are 
associated with more pronounced osteoporosis in active rheumatoid arthritis. 

© 1999 Academic Press 

Cytokines are major triggers of inflammation and 
joint destruction in rheumatoid arthritis.1'2'3 Mono- 
cytic cytokines such as IL-lß, IL-6 and TNF-a are 
especially potent pro-inflammatory mediators, and 
they are prevalent both in serum and synovial fluid 
and tissue.2'4 Experimental data suggest that these 
cytokines might be important in the pathogenesis of 
osteoporosis in rheumatoid arthritis.1'5'6 More pro- 
nounced osteoporosis is often seen in active rheuma- 
toid arthritis, as stated by Emery et al? To our 
knowledge there are little quantitative data on intra- 
cellular   or   cell-associated   levels   of  cytokines   in 
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monocytes in rheumatoid arthritis. Cytokine levels in 
supernatants are not necessarily an adequate par- 
ameter of total cytokine production, as they may 
immediately be metabolized or bound by mononuclear 
cells. Therefore we studied cytokines at a cellular 
level. Furthermore, we correlated monocytic cytokine 
levels of rheumatoid arthritis patients with articular 
disease activity parameters, laboratory parameters of 
osteoporosis and bone remodelling and bone mineral 
content in lumbar spine and hip. 

RESULTS 

Determination of cell-associated cytokines 

Total cell-associated cytokines were defined as the 
combination of intracellular and cell surface bound 
molecules. Cytokines were determined flow cyto- 
metrically. Saponin permitted the determination of 
intracellular cytokines in addition to cell membrane- 
bound cytokines. Without saponin, only the membrane 
bound cytokines were measured. 

CYTOKINE, Vol. 11, No. 11 (November), 1999: pp 869-874 869 
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IL-lß 
Although we could not detect IL-lß expression on 

the cell surface in basal conditions (data not shown), 
LPS stimulation induced two populations of cells with 
surface bound IL-lß (Fig. 1A). 40% of the monocytes 
showed a bright and 60% a dim fluorescence intensity: 
mean total IL-lß fluorescence intensity was tenfold 
higher than mean cell surface-associated IL-lß fluor- 
escence intensity. Total cell-associated IL-lß produc- 
tion increased markedly after LPS-stimulation. The 
mean fluorescence intensity (MFI) of IL-lß augmented 
from 41 MFI without LPS to 227 MFI after LPS 
stimulation, 

IL-6 
We could not detect spontaneous IL-6 expression 

on the cell surface in basal conditions (data not 
shown). After LPS-stimulation, histograms of cell 
surface-bound IL-6 revealed two populations: 12% of 
the cells had a bright and 88% of the cells had a dim 
pattern of fluorescence intensity (Fig. IB). Mean total 
IL-6 fluorescence intensity was fourfold higher than 
mean cell surface-associated IL-6 fluorescence inten- 
sity. Total cell-associated IL-6 showed an increase after 
LPS-stimulation: from 21 MFI to 553 MFI. 

TNF-a 
We could not detect cell surface-bound TNF-a, 

neither in basal nor in stimulated conditions (Fig. 1C). 
Total cell-associated TNF-a production of all mono- 
cytes was low but consistently present in both basal 
conditions and after stimulations respectively 10 and 15 
MFI. 

Comparison between rheumatoid arthritis patients 
and controls 

Figure 2 shows the mean fluorescence intensity in 
controls and patients in basal conditions (Fig. 2A) and 
after an 8 h culture without (Fig. 2B) and with LPS- 
stimulation (Fig. 2C). IL-lß production after 8h 
showed a tendency for higher levels in rheumatoid 
arthritis patients as compared to controls (P=0.09). 
For IL-6 and TNF-a values, patients and controls were 
not different. 

Relation with disease activity in rheumatoid 
arthritis patients 

A positive correlation between erythrocyte sedi- 
mentation rate (ESR) and basal cytokine production 
was found (Table 1). Other disease activity parameters 
[C-reactive protein (CRP), and clinical parameters] 
were not significantly correlated with monocytic 
cytokine levels. Plasma osteocalcin levels were posi- 
tively correlated with spontaneous production (basal 
and 8h culture) of IL-lß and IL-6, and with basal 
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Figure 1.   Monocytic cytokine levels. 
(A) Basal conditions; (B) 8 h cultured without LPS; (C) 8 h cultured 
with LPS. MFI, mean fluorescence intensity; RA, rheumatoid arthri- 
tis patients; CTRL, control persons; LPS, Lipopolysaccharide; (—), 
median. 
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TABLE 1.    Spearman rank correlation coefficient between 
monocyte cytokine levels and erythrocyte sedimentation rate 

Basal Cultured without     Cultured with 
(before culture) LPS* (8 h) LPS* (8 h) 

IL-lß** 0.466 
IL-6** 0.745 
TNF-a** 0.406 

0.576 
0.721 
0.127 

0.357 
- 0.563 
•0.115 

*LPS, Lipopolysaccharide. 
**IL-lß, interleukin Iß; IL-6, interleukin 6; TNF-a, tumour necrosis factor a. 

TABLE 2.   Spearman rank correlation coefficient between 
monocyte cytokine levels and osteocalcin 

Basal 
(before culture) 

Cultured without 
LPS* (8 h) 

IL-lß** 0.136 
IL-6** 0.433 
TNF-a** 0.481 

0.475 
0.621 
0.178 

*LPS, Lipopolysaccharide. 
**IL-ip, interleukin Iß; IL-6, interleukin 6; TNF-a, tumour necrosis factor a. 

TABLE 3.    Spearman rank correlation coefficient between 
monocyte cytokine levels and BMD (L2-L4) 

Basal 
(before culture) 

Cultured without 
LPS* (8 h) 

IL-lß** 0.006 
IL-6** - 0.430 
TNF-a** 0.187 

■ 0.600 
- 0.672 
■ 0.200 

*LPS, Lipopolysaccharide. 
**IL-lß, interleukin Iß; IL-6, interleukin 6; TNF-a tumour necrosis factor a. 

TNF-a production (Table 2). Bone mineral density of 
the lumbar spine correlated negatively with basal and 
8 h cultured cytokine levels, especially for IL-6 (Table 
3). In LPS-stimulated monocytes, no correlation was 
found between cytokine levels and Z scores (data not 
shown). 

DISCUSSION 

In this study, a flow cytometrical method was used 
to measure IL-lß, IL-6 and TNF-a in peripheral 
blood monocytes of patients with rheumatoid arthritis 
under treatment with non-steroidal anti-inflammatory 
drugs. Experimental data suggest that these cytokines 

Figure 2.   Histogram showing log scale of fluorescence intensity. 

(A) IL-lß; (B) IL-6; and (C) TNF-a after 8h LPS stimulation, (i) 
Isotype matched irrelevant antibody; (ii) cell surface cytokines; (iii) 
cytokines in permeablized cells. LPS; Lipopolysaccharide; IL-lß, 
interleukin Iß; IL-6, interleukin 6; TNF-a, tumour necrosis factor a. 
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might be important in the pathogenesis of osteo- 
porosis.1 As monocytes are the main producers of these 
cytokines, we examined the hypothesis that increased 
production of these cytokines could be related to 
clinical and laboratory parameters of inflammation 
(e.g. ESR and CRP). In our study, a consistent but 
rather low production of TNF-a was found in controls 
and rheumatoid arthritis patients. Others using differ- 
ent techniques have also found low or undetectable 
TNF-a levels in serum: Saarinen et al.u who measured 
TNF-a in serum in haematological malignancies, using 
an ELISA with a detection level of 10 ng/1, could not 
detect TNF-a in healthy children and those patients in 
complete remission. Markham et al, who described a 
more sensitive ELISA for TNF-a, with a detection 
limit of 1 ng/1, found very low TNF-a levels in 
women with gynaecological tumours, the mean TNF-a 
concentration was 10 ng/1. 

We found higher spontaneous production of cell- 
associated IL-lß in rheumatoid arthritis patients, sug- 
gesting that monocytes in rheumatoid arthritis are 
activated, and also involved in systemic inflammation, 
not only in local inflammation of the joint space. 
Findings of Liote et alP who reported higher mono- 
cyte adhesiveness, integrin expression and cytokine 
release in blood monocytes of rheumatoid arthritis 
patients, point in the same direction. Since we found no 
differences in IL-lß production in LPS-stimulated 
monocytes between patients and controls, we presume 
that monocytes of rheumatoid arthritis patients have 
the same maximal production capacity as monocytes of 
controls, although the spontaneous IL-lß production 
is somewhat higher in rheumatoid arthritis. 

Our data show that, after stimulation, IL-lß and 
IL-6 were also associated with the cell surface. Jung 
et al.9 reported IL-2 and IFN-y associated with the cell 
surface of non-permeabilized T cells. In our study, 
membrane associated IL-6 and IL-lß are prob- 
ably bound to their receptor, since such membrane 
receptors have been described on human monocytes. 
Wognum et al.14 reported a significant expression of 
IL-6 receptors on human peripheral blood monocytes 
with a high affinity for IL-6. IL-1 receptors and IL-1 
production in controls and haemodialysis patients were 
extensively studied by Donati et al.15 They found 
higher expression of IL-1 receptors on monocytes of 
patients compared with controls. As far as the relation- 
ship between cytokines and inflammatory parameters 
is concerned, data in blood of rheumatoid arthritis 
patients are controversial. Dasgupta et al.16 reported a 
correlation between IL-6 in serum and erythrocyte 
sedimentation rate; in contrast, Holt et al.17 found no 
correlations between plasma IL-6 and clinical disease 
activity. In our study we measured cytokines more 
directly on the cells; this enabled us to avoid discrep- 
ancies between serum and plasma. This also gave us 

the advantage of studying monocytic cytokine levels 
after LPS stimulation. Cell associated IL-6, as well as 
cell associated IL-lß, levels were strongly positively 
correlated with the erythrocyte sedimentation rate, 
which strengthens the hypothesis that peripheral blood 
monocytes are activated and involved in systemic 
inflammation in rheumatoid arthritis. Another import- 
ant feature of rheumatoid arthritis is generalized 
osteoporosis.18 Interestingly, in our study we were able 
to link spontaneous IL-lß and IL-6 production by 
monocytes to diffuse osteoporosis, as measured by 
bone mineral density of the lumbar spine. In addition, 
spontaneous IL-lß and IL-6 production was positively 
correlated to plasma osteocalcin levels, which is a 
marker of bone remodelling.19'20 

In summary, we demonstrated that peripheral 
blood monocytes in rheumatoid arthritis are activated 
and produce pro-inflammatory cytokines, which are 
linked to generalized inflammation and osteoporosis. 

MATERIALS AND METHODS 

Reagents and antibodies 
AIM-V medium (Life Technologies, Paisley, Scotland), 

Mouse anti-human CD 14 fluorescein isothiocyanate (FITC) 
(Becton Dickinson, San Jose, CA) Rat anti-human IL-lß 
phycoerythrin (RPE), mouse anti-human IL-6 phycoerythrin 
and mouse anti-human TNF-a phycoerythrin (Biosource 
International, Camarillo, CA, USA). Rat IgG2a negative 
control phycoerythrin and mouse IgGl negative control 
phycoerythrin (RPE) (Serotec Ltd, Oxford, England). 
LinearFlow® Orange (530/560) Flow Cytometry Intensity 
Calibration Kit (L-7307 Lot: 5864, Molecular Probes, USA). 
Lipopolysaccharide (LPS L-3755 Lot 84H4017 E. coli 
Serotype 026:B6 (Sigma Chemical Co. St Louis, USA). 
Monensin (Sigma). Nycoprep (d= 1.077 mg/ml, Nycomed, 
Oslo, Norway). Phosphate Buffered Saline without calcium 
and magnesium (PBS) (Life Technologies). Penicillin/ 
Streptomycin (Gibco-BRL, Life Technologies, Paisley, 
Scotland). Saponin S-7900 Lot 91H0325 (Sigma). Para- 
formaldehyde (Sigma). IL-lß (Genzyme, Cambridge, 
England), IL-6 and TNF-a (ReproTech, Rocky Hill, New 
Jersey). 

Patients and control persons 

Blood samples 
For cytokine detection and peripheral blood cell count, 

30 ml of EDTA peripheral venous blood (Vacutainer®, 
Becton Dickinson, Meylan, France) was obtained from 10 
rheumatoid arthritis patients and 10 sex and age matched 
healthy controls. 

Patient characteristics 
Rheumatoid arthritis patients fulfilled the diagnostic 

criteria of the American College of Rheumatology for the 
classification of Rheumatoid Arthritis.8 Patients were treated 
with non-steroidal anti-inflammatory drugs while the tests 
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were performed. Three men and seven women were examined 
and compared to 10 age and sex matched healthy volunteers. 

Disease activity, bone remodelling and 
osteoporosis parameters 

Erythrocyte sedimentation rate (ESR), peripheral white 
blood cell count and differentiation, and C-reactive Protein 
(CRP) were determined. In patients, Ritchie articular index, 
number of swollen joints, Visual Analogue Scale (VAS), 
global assessment both by physician and patient, and Health 
Assessment Questionnaire (HAQ) were determined. Patient's 
osteocalcin was determined by a RIA method (Biosource), 
according to the manufacturer's instructions. Patients' Z 
score of the lumbar spine (L2-L4) and hip were determined 
by a dual energy X-ray absorptiometry (DEXA) method 
(Lunar, type DP XL absorptiometer, Wisconsin, USA). 
Results were expressed as bone mineral density (BMD). 

Statistical analysis 
Differences in cytokine production between rheumatoid 

arthritis patients and controls were assessed by the Mann- 
Whitney U test. Correlations between cell-associated 
cytokine production and disease activity parameters were 
calculated by Spearman rank correlation. A P value less than 
0.05 was considered significant. 
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Cell separation and culture 
Peripheral blood mononuclear cells (PBMCs) were 

separated by Nycoprep density gradient. Cells were concen- 
trated at 5 x 106 cells/ml in AIM-V medium. PBMCs were 
cultured for 8 h (preliminary experiments found this to be the 
optimal time for maximal production of cytokines) in a 5% 
C02 humidified atmosphere at 37°C. Some of the cells were 
stimulated with LPS (5 ug/ml) and monensin (1 uM) in 
AIM-V. 

Two-colour flow cytometry for cytokines 
Intracellular and membrane bound IL-lß, IL-6 and 

TNF-a in monocytes were determined using a modified 
technique to measure intracellular production of 
cytokines.9,10 Briefly, after stimulation, 1 ml PBS was added 
to the cell suspension. Cells were spun for 5 min at 1000 x g, 
and were resuspended at 1 x 107 cells/ml in PBS. To identify 
monocytes, the cells were incubated with anti-CD14-FITC 
for 15 min at room temperature. Subsequently, cells were 
fixed for 30 min with 4% paraformaldehyde in PBS. Cell 
membranes were made permeable with a 0.3% saponin 
solution in PBS, followed by incubation with anti-cytokine 
antibodies against IL-lß, IL-6 and TNF-a during 30 min at 
room temperature. To evaluate cell surface-associated 
cytokines, PBS was added instead of saponin solution. Cells 
were centrifuged for 10 min at 1000 x g and the cell pellet was 
resuspended in 0.3 ml PBS. 

Flow cytometric analysis 
Twenty five thousand events were measured on a 

FACScan flow cytometer (Becton Dickinson Immunocytom- 
etry Systems), and analysed with Lysis II software. Analysis 
gates were set on CD14-positive cells according to FITC 
emission. Within this gate, intracellular cytokine production 
or cell membrane bound cytokines were evaluated. Results 
were expressed as the mean fluorescence intensity. Measure- 
ments were standardized using LinearFlow® Orange (530/ 
560) Flow Intensity Calibration Kit. Isotype matched 
irrelevant antibodies were used as negative controls. 
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INCREASED MONOCYTE MCP-1 PRODUCTION 
IN ACUTE ALCOHOLIC HEPATITIS 

Madhav N. Devalaraja,1 Craig J. McClain,1'2 Shirish Barve,2, Kris Vaddi,3 

Daniell B. Hill2 

Monocyte chemoattractant protein-1 (MCP-1) is a potent mononuclear cell-specific chemotactic 
protein. MCP-1 is a candidate chemoattractant for activation and hepatic infiltration of 
mononuclear cells in alcoholic hepatitis (AH). Blood was collected from 15 patients with AH 
(mean bilirubin 17.6 ± 3.5 mg/dl; normal 0.2-1.0 mg/dl) on admission and at time points for up 
to 6 months. Peripheral blood monocytes were isolated and MCP-1 production assessed by 
measuring MCP-1 concentrations in monocyte culture supernatants after overnight (20 h) 
incubation. Monocytes from normal subjects did not product detectable MCP-1 unless 
stimulated with endotoxin (LPS;5 ug/ml). The mean level of constitutive MCP-1 from AH 
patient monocytes was 4694 ± 2432 pg/ml 20 h on admission. The mean MCP-1 level for 
LPS-treated monocytes was 4903 ± 1540 pg/ml 20 h for normal subjects and was significantly 
elevated in AH patients to 11589 ± 3266 pg/ml/20 h. AH patient monocyte MCP-1 production 
was decreased in vitro when monocytes were treated with N-acetylcysteine (5 mM) and also 
decreased over the 6-month study as the patients improved clinically. MCP-1 plasma levels were 
below the detection limits of the assay used in both AH patients and normal subjects. Thus, 
monocytes from AH patients not only constitutively product MCP-1, but also produce higher 
levels of MCP-1 with endotoxin stimulation. Further studies are needed to clarify the role of 
MCP-1 in the activation and hepatic infiltration of mononuclear cells in alcoholic liver disease. 

© 1999 Academic Press 

Alcoholic hepatitis (AH) is characterized by 
hepatic leukocyte infiltration that can persist, with 
ongoing liver injury for months despite cessation of 
alcohol intake.1'2 Polymorphonuclear leukocytes 
(PMN) predominate the hepatic leukocyte infiltration. 
However, mononuclear cells are also present, including 
macrophages (Kupffer cells) and lymphocytes in sig- 
nificant numbers. Kupffer cells are major producers 
of cytokines and chemokines.35 Studies in animals 
suggest that Kupffer cells and tumour necrosis factor 
alpha (TNF) are important mediators of alcoholic liver 
injury. 6-7 
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Monocyte chemotactic peptide-1 (MCP-1) is a 
member of the beta (C-C) chemokine family.8 MCP-1 
is secreted by a variety of cell types in response to 
endotoxin (lipopolysaccharide, LPS) and cytokines 
such as TNF and interleukin 1 (IL-1). MCP-1 
activates and chemotactically attracts monocytes/ 
macrophages.9"11 MCP-1 gene regulation is closely 
associated to the oxidative stress senstive transcription 
factor nuclear factor kappa B (NFKB).

12
'
13 

Patients with AH have endotoxaemia as well as 
increased plasma levels of TNF and IL-1, which are 
potential stimuli for MCP-1 activity.7 It is our 
hypothesis that in acute AH there is increased 
LPS-stimulated expression of MCP-1 by circulating 
monocytes and, presumably, cells of the liver such as 
hepatic Kupffer cells. If increased, MCP-1 activity may 
activate and facilitate hepatic influx of monocytes/ 
macrophages and thus contribute to liver injury. The 
aims of this study were: (1) to measure constitutive and 
LPS-stimulated MCP-1 secretion by monocytes from 
patients with acute AH; (2) to follow monocyte MCP-1 
secretion over time by monocytes from AH patients 
as they improved clinically with abstinence; and (3) 
to determine the effect of a glutathione-enhancing 
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TABLE 1.   Alcoholic hepatitis patients' clinical laboratory profile 

Serum levels Entry 1 Month 3 Months 6 Months Normal 

Bilirubin (mg/dl) 17.6 ±3.5 7.8 ±3.5 3.3 ±1.4 2.6 ±0.9 0.2-1.0 

AST (U/L) 106.5 ±11.2 68.9 ±9.2 79.5 ± 44.8 43.5 ±4.9 15—40 

ALT (U/L) 38.8 ±5.8 39.9 ±8.5 23.8 ±2.9 25.8 ±3.8 10-28 

Albumin (g/dl) 2.2 ±0.2 2.5 ±0.3 3.4 ±0.2 3.3 ±0.2 3.5-5.0 

agent N-acety ley steine (NAC) on monocyte MCP-1 
production. 

RESULTS 

Fifteen consenting acute AH patients with a mean 
age of 41.1 ± 7.3 years (9 males and 6 females) were 
enrolled into the study. The mean discriminant func- 
tion of Maddrey (DF) for these patients was 90.7 
(range 64.4 to 125.6) indicating rather severe dis- 
ease.14'15 All patients enrolled had laboratory findings 
typical for AH.16 The biochemical profile of the 15 
patients is summarized in Table 1 Eight patients had 
moderately severe AH and seven patients had severe 
AH. Serum transaminases were elevated in a pattern 
characteristic for AH with aspartate aminotransferase 
(AST) levels being greater than alanine aminotrans- 
ferase (ALT) levels.16 The depressed serum albumin 
and significantly elevated bilirubin were also typical for 
AH.16 The patients' biochemical profile improved over 
the 6-month study period as they improved clinically. 
Admission plasma was assayed for MCP-1 in 10 AH 
patients and normal control subjects. MCP-1 plasma 
levels were all below the detection limits of the assay 
used (<5.0pg/ml). 

AH patient monocytes had constitutive MCP-1 
production as assessed by MCP-1 concentrations in 
monocyte culture supernatants after overnight incu- 
bation. At study entry, monocytes from each of the 
fifteen AH patients spontaneously released MCP-1 
into the culture supernatant with a mean level of 
4694 ± 2432 pg/ml/20 h. However, in no case did a 
normal subject's monocytes spontaneously release 
detectable MCP-1 into the monocyte culture super- 
natant. The constitutive MCP-1 production by AH 
patient monocytes decreased over time as the patients 
improved clinically and biochemically with abstinence 
(Fig. 1). 

Monocytes from both normal control subjects 
and AH patients produced MCP-1 when stimulated 
with LPS, as assessed by MCP-1 concentrations in 
monocyte culture supernatants after overnight (20 h) 
incubation. However, the AH patient monocytes 
had greater LPS-stimulated MCP-1 production 
(11589 ±3266 pg/ml/20 h)     compared     with     LPS- 

stimulated MCP-1 production by monocytes from 
normal subjects, 4903 ± 1540 pg/ml/20 h (P<0.001). 
Similar to the constitutive monocyte MCP-1 produc- 
tion, the LPS-induced monocyte MCP-1 production 
decreased over time as the AH patients improved 
clinically and biochemically with abstinence (Fig. 2). 

Monocytes from nine of the fifteen AH patients 
were treated in vitro with NAC at the time of study 
entry. In these studies, NAC (5 mM) treatment 
decreased the constitutive production of MCP-1 by 
AH patient monocytes (Fig. 3). Similarly, NAC signifi- 
cantly decreased LPS-stimulated MCP-1 production 
by monocytes from both normal control subjects 
and AH patients (Fig. 4). The LPS-stimulated 
MCP-1 concentration produced by normal subjects' 
monocytes decreased significantly (P<0.01) from 
4598 ± 1127 pg/ml/20 h to 1698 ± 614 pg/ml/20 h and 
the LPS-stimulated MCP-1 concentration produced 
by   AH   patient   monocytes   decreased   significantly 
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Figure 1. Monocytes from 15 patients with acute alcoholic hepatitis 
(AH) had constitutive MCP-1 production as assessed by MCP-1 
concentrations measured in monocyte culture supernatants after over- 
night (20 h) incubation. 

In contrast, monocytes from normal subjects did not spontaneously 
release detectable MCP-1 into the monocyte culture supernatant. 
The constitutive MCP-1 production by AH patient monocytes 
decreased significantly over time as the patients improved clinically 
and biochemically with abstinence. Values represent means ± 
standard deviations. *P<0.05 vs the time 0 value. 
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Figure 2. Monocytes from both normal control subjects (Normal) and 
fifteen alcoholic hepatitis (AH) patients produced MCP-1 when treated 
overnight (20 h) with LPS (5 ug/ml) as assessed by MCP-1 concen- 
trations in monocyte culture supernatants. 

At study entry (month 0), the 15 AH patients' monocytes had 
significantly greater LPS-stimulated MCP-1 production than did 
control monocytes. However, as the patients improved clinically and 
biochemically with time, the LPS stimulated monocyte MCP-1 
production decreased significantly to levels that were similar to LPS 
production by normal subjects' monocytes. Values represent 
means ± standard deviations. *?<0.05 versus the time 0 value. 
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Figure 3. Treatment with N-acetylcysteine (NAC-5mM) signifi- 
cantly decreased constitutive MCP-1 production as assessed by meas- 
uring MCP-1 concentrations in monocyte culture supernatants after 
overnight (20 h) incubation of monocyte cultures from nine acute 
alcoholic hepatitis (AH) patients at the time of study entry. 

Values represent means ± standard deviations. *P<0.05. 

CP<0.01)  from 
2071 pg/ml/20 h. 

[ 1616 ± 2927 pg/ml/20h  to   6041 ± 

DISCUSSION 

AH is an inflammatory process, with many of the 
clinical manifestations such as fever, anorexia, leuko- 
cytosis, increased serum C reactive protein and 
decreased serum albumin being identical to the biologi- 
cal effects of cytokines.17 These similarities prompted 
research into the role of cytokines in alcoholic liver 
disease.18 Earlier studies had demonstrated that 
alcohol dependent subjects and patients with alcoholic 
liver disease have increased gut permeability and an 
increased incidence of endotoxaemia.19'20 This sug- 
gested that LPS, derived from gut flora, may be a 
potential stimulus for cytokine activity in alcoholic 
liver disease.7 

The initial reports of cytokine activity in alcoholic 
liver disease were those of IL-1 bioactivity in AH 
patient serum.18 Later studies confirmed increased 
plasma levels and monocyte production of immuno- 
reactive IL-la and ß.21-23 McClain and Cohen were the 
first to report increased monocyte production of bio- 

active TNF.17 Since their initial report, several groups 
have reported increased plasma levels of immunoreac- 
tive TNF and that the increased plasma TNF concen- 
trations correlate with clinical outcome and disease 
severity.21'23'24 

Endotoxin, IL-1 and TNF are all potent inducers 
of chemokines.10'11 Sheron et al. reported dramatically 
increased plasma interleukin 8 (IL-8) levels in AH 
patients and that the degree of hepatic immunohisto- 
chemical staining for IL-8 correlated with the degree of 
hepatic PMN infiltration.25 We also reported dramati- 
cally increased plasma IL-8 levels in acute AH patients 
and that the plasma IL-8 levels decreased over time as 
the patients improved clinically and biochemically 
while abstaining from alcohol.26 Sheron's group later 
reported increased hepatic growth-regulating oncogene 
alpha (GROa) levels that correlated with hepatic IL-8 
levels and hepatic PMN infiltration in AH patients.27 

Studies of liver samples from patients with acute 
fulminant and chronic liver disease including alcoholic 
liver disease have shown increased MCP-1 mRNA 
expression.28'29 However, MCP-1 (cytokine) levels are 
not increased in alcoholic liver disease when deter- 
mined by ELISA of liver homogenates.27 

Animals studies have confirmed that TNF is an 
important mediator in several models of experimental 
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Figure 4. Treatment with N-acetylcysteine (NAC-5mM) signifi- 
cantly decreased LPS (5ug/ml) stimulated MCP-1 concentrations 
produced by monocytes from nine alcoholic hepatitis (AH) patients as 
well as normal control subjects (Control). 

MCP-1 production was assessed by measuring MCP-1 concen- 
trations in monocyte culture supernatants after overnight (20 h) LPS 
treatment of monocyte cultures from 9 acute alcoholic hepatitis (AH) 
patients at the time of study entry and 9 normal subjects. Values 
represent means ± standard deviations. ■, AH; D, control. * versus * 
was n.s.; for * versus **, * versus ***, and ** versus ***, P<0.01. 

alcoholic liver injury.7 When rats are chronically fed an 
alcohol-containing diet and then injected with LPS, 
plasma TNF levels increase and the animals sustain 
substantial liver injury.30'311 Kupffer cells isolated from 
rats which have been chronically fed an alcohol- 
containing diet and then injected with LPS, have 
increased expression of TNF mRNA.31 However, if the 
alcohol-fed rats are pretreated with a prostaglandin E1 

analogue, TNF production is downregulated and LPS- 
induced liver injury is markedly attenuated.30 With the 
rat model of intragastric alcohol feeding, there is 
increased hepatic staining of mRNA for TNF and IL-1 
as well as interleukin 6 (IL-6).32 Further evidence that 
TNF can mediate liver injury comes from in vitro 
studies. The human HEP G2 hepatoma cell line 
can be sensitized using actinomycin D to direct TNF 
cytotoxicity.33 Major producers of TNF in vivo are 
monocytes and macrophages. Thurman's group has 
shown that inactivation of Kupffer cells in rats using 
gadolinium chloride prevents early alcohol-induced 
liver injury.6 Others have confirmed that endotoxin- 
responsive macrophages play an important role in 
experimental liver injury.34 Thus, the activation 
and chemoattraction of monocytes/macrophages 
to the liver is a critical step in the pathogenesis of 
alcohol-induced TNF liver injury. 

Acute alcohol metabolism is associated with 
increased oxidative stress.35 In addition, patients with 
chronic alcohol abuse have decreased levels of nutri- 

tional antioxidants such as hepatic glutathione.36 The 
activation of gene transcription of TNF, IL-1, IL-8 
and MCP-1 are closely associated with the oxidative 
stress-sensitive transcription factor NFKB.
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This suggests that oxidative stress-sensitive transcrip- 
tion factors such as NFKB may be potential sites of 
intervention in the treatment of inflammatory diseases, 
including AH, using glutathione enhancing agents such 
as NAC.40 

There is not sufficient data from this study to 
clearly define the role of MCP-1 in alcoholic liver 
disease or the mechanism of increased MCP-1 produc- 
tion by AH patients' monocytes. However, several 
interesting points are raised that require further inves- 
tigation. This study shows that monocytes from AH 
patients have constitutive MCP-1 production and 
increased LPS-stimulated MCP-1 production, as 
assessed by MCP-1 concentrations in monocyte super- 
natants. The increased MCP-1 production by AH 
patient monocytes normalized over time as the patients 
improved clinically and biochemically with abstinence. 
In addition, the increased MCP-1 production by AH 
patient monocytes was normalized in vitro by the 
addition of NAC, suggesting the possible involvement 
of oxidative stress-sensitive transcription factors such 
as NFKB. These data suggest that MCP-1 may have an 
important role in the pathogenesis of AH and that the 
increased AH patient monocyte MCP-1 production 
may be due to decreased nutritional free radical scav- 
engers associated with chronic alcohol intake, such as 
decreased glutathione.35'36 

Although it has been reported that both human 
monocytes from patients with AH and Kupffer cells 
isolated from rats following chronic alcohol feeding 
have increased TNF production, we have no data to 
confirm that AH patients' Kupffer cells are producers 
of hepatic MCP-1.17'31'40 However, with ischaemia- 
reperfusion liver injury in rats, isolated Kupffer cells 
have increased MCP-1 production and ischaemia/ 
oxidative stress has been implicated as a mechanism of 
alcoholic liver injury.35'34 In addition, other types of 
liver cells such as human Ito (liver fat storing) cells and 
rat liver endothelial cells have been shown to produce 
MCP-1.28'42 Regardless of the cell type producing 
MCP-1, if MCP-1 released from the liver plays a role in 
the chemoattraction of monocytes to the liver, we have 
demonstrated that plasma levels of MCP-1 are not 
elevated to a level that would desensitize monocytes to 
MCP-1 or disrupt a chemotaxis gradient of MCP-1 
emulating from the liver.43 

In addition to a potential role in the pathogenesis 
of liver injury, MCP-1 may play a role in the increased 
susceptibility to infection seen in patients with 
alcoholic liver disease. Not only are bacterial infections 
a common complication of alcoholic liver disease, but 
mycobacterium    and    fungal    infections    also    are 
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increased in frequency, suggesting a defect in cell- 
mediated immunity.44 Patients with alcoholic liver dis- 
ease have reduced skin reactivity to common antigens, 
but in patients who recover from AH, the percentage 
of positive skin test increases.45 Furthermore, there is a 
polyclonal increase in the immunoglobulins, especially 
IgA, in alcoholic liver disease probably due to 
enhanced spontaneous secretion of immunoglobulins 
by B-cells.46 But the mechanisms giving rise to these 
changes are not well defined. Recent studies suggest 
that in addition to regulation of leukocyte trafficking, 
the C-C chemokines play a role in the development and 
activation of T helper cells. Naive (ThO) lymphocytes 
incubated with MCP-1 show Th2 lineage.47 In 
addition, transgenic mice overexpressing MCP-1 are 
more susceptible to infection by Listeria mono- 
cytogenes and Mycobacterium tuberculosis, but in these 
mice the serum levels of MCP-1 were high and in our 
patients plasma levels of MCP-1 were not detected.43 

Thus, further studies are needed to determine if MCP-1 
plays a role in the increased susceptibility to infection 
associated with alcoholic liver disease. 

In summary, in AH there is an increased incidence 
of endotoxaemia and there are increased plasma levels 
of IL-1 and TNF which may serve as inducers of 
chemokines such as IL-8 and MCP-1.40 There is 
increased oxidative stress associated with acute and 
chronic alcohol, and there is increasing evidence that 
the critical gene activation for these cytokines is via 
the oxidative stress-sensitive transcription factor 
NFKB.
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 We postulate that increased MCP-1 

activity plays a role in the mononuclear cell activation 
in alcoholic liver disease. We speculate that MCP-1 is a 
factor in the activation, and perhaps even in the 
chemoattraction, of monocytes to the liver where 
they become major cytokine producers, playing an 
important role in alcoholic liver injury.6 

MATERIALS AND METHODS 

Alcoholic hepatitis patients 
This research was approved by the Institutional Review 

Board for Human studies and all patients gave written, 
informed consent. Patients hospitalized who had a serum 
bilirubin >5.0 mg/dl and a history consistent with AH were 
screened for inclusion in this study. Criteria for entry into 
study included an ethanol consumption of at least 80 g/day 
for at least 1 year.26 The patients were initially evaluated by 
the Gastroenterology Service to establish the aetiology of 
liver disease. Patients were excluded from the study if they 
had a history of intravenous drug abuse within the previous 
2 years, another cause of liver disease, congestive heart fail- 
ure, malignancy or other inflammatory disease. Following the 
initial screen for other types of liver disease, the diagnosis of 
alcoholic hepatitis was established using the criteria recom- 
mended by the International Association for the Study of the 

Liver.16 Disease severity of AH was determined by the discri- 
minant function (DF) of Maddrey.14'15 DF was defined as 
4.6 x prothrombin time (in seconds)+bilirubin (in mg/dl). A 
DF of 90 or more indicates severe AH and a DF of 55 to 89 
indicates moderate AH. At the time of study entry and initial 
blood draws for cytokine studies, no patient had active al- 
cohol withdrawal, detectable blood alcohol levels, or evidence 
of infection; all factors which could alter cytokine activity.7 

Patients were hospitalized in the General Clinical 
Research Center (GCRC) for 28 days. After discharge, they 
were followed for an additional 5 months. Normal subjects 
included healthy and abstinent volunteer adults, who were 
free of known chronic or inflammatory diseases and infec- 
tion, and who took no medications during the previous week. 
The normal subjects' complete blood counts (CBC), liver 
profiles, and prothrombin times (PT) were within normal 
limits. Blood samples were obtained and run in parallel to 
patient samples from the normal subjects. All blood samples 
were obtained between 8 and 10 am while subjects were 
fasting and in the University of Kentucky GCRC. The 
hospital clinical laboratory assayed blood samples for serum 
bilirubin, AST, ALT, albumin, prothrombin time and 
haemograms. 

Monocyte culture 
Sixty milliliters of heparinized (10 units/ml) blood from 

one AH patient and one control subject were prepared for 
each experiment in parallel. Mononuclear cells were isolated 
by density gradient centrifugation on Ficoll-Hypaque (Sigma 
Chemical Company, St. Louis, MO) as previously 
described17,4S and were suspended in RPMI 1640 medium 
(Bio Whitaker, Walkersville, MD). For MCP-1 production 
studies, 3.5 x 105 CD14+ (as determined by fluorescence- 
activated cell sorting, FACS) cells were seeded into 24-well 
culture plates in a total volume of 0.5 ml media and incu- 
bated at 37°C + 5%C02 for 2 h. Non-adherent cells were 
removed by rinsing three times with fresh medium. Adherent 
monocytes were incubated in the above medium with 5% 
fetal calf serum, penicillin (100 units/ml), streptomycin 
(100ug/ml) (GIBCO Laboratories, Grant Island NY), 
2-mercaptoethanol (5*10~5M) (GIBCO Laboratories). 
After 20 h (overnight) incubation at 37°C and 5%C02, 
additional media with lipopolysaccharide (LPS, B4:0111, 
Sigma Chemical Company) or vehicle phosphate buffered 
saline (PBS) was added (total added volume 10 ul) to the 
wells still containing the media from the overnight incu- 
bation, so that the final concentration of LPS was 5 u.g/ml (if 
present). Cell-free culture supernatants were collected after 
20 additional hours incubation and stored at — 70°C until 
assayed for MCP-1. In our hands, using this system, cytokine 
concentrations in monocyte culture supernatants increase at 
the greatest rate between 4 and 8 h into the incubation. 
Thereafter changes are slower. Concentrations were 
measured at 20 h so that they were measured at a consistent 
timepoint as well as not being measured during a time of 
rapidly changing concentrations. 

NA C treatment 
At the time of study entry, nine of the fifteen patients 

also had isolated monocytes treated with NAC (N-acetyl 
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cysteine, Sigma Chemical Company) in the culture media. In 
these studies, NAC was not in the media during the 2h 
monocyte-adherence period. However, NAC (5mM) was 
present during both the initial 20 h overnight incubation as 
well as the second 20 h overnight incubation with or without 
LPS as described above. 

MCP-1 Assay 
Plasma and monocyte culture supernatants were assayed 

by solid-phase enzyme-linked immunosorbent assay (ELISA) 
for secreted MCP-1 using the commercially available Quan- 
tikine Assay system (R&D systems, Minneapolis, MN). 
MCP-1 was measured according to the manufacturer's pro- 
tocol. Samples were compared to the standard curve to 
determine the amount of MCP-1 present. This assay detects 
MCP-1 concentrations <5.0pg/ml and its range of optimal 
sensitivity is 31.2-2000 pg/ml. If MCP-1 concentrations were 
greater than 2000 pg/ml, the samples were diluted with 
culture medium so that measurements were made within the 
range of optimal sensitivity. 

Analysis 
Values presented are means ± standard deviations. Stat- 

istical significance between values obtained from AH patients 
and normals, and AH patients at time of study entry and 
subsequent dates, were tested using one way analysis of 
variance with subsequent Newman-Keuls test, with P<0.05 
considered to be statistically significant. 
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POLYMORPHISMS AT POSITION - 308 IN THE 
PROMOTER REGION OF THE TNF-a AND IN 
THE FIRST INTRON OF THE TNF-ß GENES 

AND SPONTANEOUS AND 
LIPOPOLYSACCHARIDE-INDUCED TNF-a 

RELEASE IN SARCOIDOSIS 

Akos Somoskövi, Gernot Zissel, Ulrike Seitzer, Johannes Gerdes, Max Schlaak, 
Joachim Müller-Quernheim 

TNF-a is a potent pro-inflammatory cytokine. Previous studies have proved that biallelic 
polymorphisms in the TNF-a (- 308, TNFA) and TNF-ß genes (intron 1, TNFB) influence 
TNF-a production. In sarcoidosis, a chronic granulomatous disease, as a result of an unknown 
in vivo activation bronchoalveolar lavage (BAL) cells release high amounts of TNF-a, 
spontaneously and after in vitro stimulation. Thus, sarcoidosis could serve as a model to test the 
in vivo effect of TNF gene polymorphisms. We determined the TNFA and TNFB polymorphisms 
of 44 patients with sarcoidosis and found the following allele frequencies: 0.80, 0.20, 0.38 and 
0.62 for TNFA1, TNFA2, TNFB1 and TNFB2, respectively. To examine the in vivo effect of the 
named polymorphisms on the TNF-a production, the spontaneous and LPS-induced TNF-a 
release of BAL cells and peripheral blood mononuclear cells were also determined in patients 
with sarcoidosis. Statistical analysis did not reveal any significant difference between sarcoidosis 
patients with different genotypes. The results show that TNFA and TNFB polymorphisms do not 
determine the level of TNF-a release of mononuclear cells activated during the course of sarcoid 
inflammation. 

) 1999 Academic Press 

Sarcoidosis is a chronic systemic granulomatous 
disease of unknown aetiology. Immunologie studies 
with inflammatory lung cells recovered by broncho- 
alveolar lavage (BAL) revealed that a typical feature of 
pulmonary sarcoidosis is an increase in the differential 
cell count of BAL lymphocytes and an accumulation of 
T-helper cells in the lung.1 the characteristic T-helper 
lymphocyte/macrophage alveolitis is caused by an 
unknown stimulus which activates alveolar macro- 
phages (AM) and lymphocytes, resulting in an ele- 
vated spontaneous and induced ex vivo release of 
immunoregulatory mediators such as tumour necrosis 
factor alpha (TNF-a).2^ TNF-a is considered to be an 
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essential mediator in inflammation and has been shown 
to play a pivotal role in granuloma formation.5 In 
sarcoidosis, the individual capacity of the patient to 
release TNF-a from AM is a phenomenon linked with 
progressive disease, implying that this cytokine plays a 
role in the pathogenesis of sarcoidosis.2'6 

The TNF gene is located within the major histo- 
compatibility complex (MHC) between the com- 
plement cluster region and the HLA-B gene. Since the 
description of biallelic polymorphisms in the TNF-a 
(-308, TNFA) and TNF-ß (intron 1, TNFB) genes, 
the influence of these polymorphisms on the genetic 
predisposition for TNF-a production has been studied 
intensively.7'8 Several authors have noted that stimu- 
lated peripheral blood mononuclear cells (PBMC) of 
carriers of the TNFA2 or TNFB2 haplotype show a 
significantly higher release of TNF-a than normal 
controls.9^11 

In contrast to these findings, other studies using 
similar methods but also measuring plasma levels, 
have reported that these biallelic polymorphisms 
had no significant effect on TNF-a production.8'12'13 

CYTOKINE, Vol. 11, No. 11 (November), 1999: pp 882-887 
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Investigations performed at the molecular level using 
reporter gene assays describe similarly disparate 
results, several studies showing higher transcriptional 
activity of the TNF-a promoter for the TNFA2 
allele and others showing no effect of this 
polymorphism.12,14"16 

The — 308 TNFA2 biallelic promoter poly- 
morphism and the TNF-ß intron 1 polymorphism have 
also been correlated with susceptibility to severe infec- 
tious (cerebral malaria, mucocutaneous leishmaniasis, 
severe sepsis, leprosy) and autoimmune (diabetes 
mellitus, inflammatory bowel diseases, celiac disease, 
lupus erythematosus, Löfgren syndrome) diseases, thus 
raising substantial speculation that genetic predisposi- 
tion for TNF-a production may affect the elimination 
of an infectious disease or the predisposition for an 
autoimmune disease.1 °'11'13''7_22 

To investigate whether the TNFA or TNFB poly- 
morphisms could be linked to exaggerated TNF-a 
production in vivo, we analysed the spontaneous and 
induced TNF-a release of sarcoid mononuclear cells 
from BAL and peripheral blood in relation to the 
TNFA and TNFB genotypes. 

RESULTS 

Genotype analysis results of patients with 
sarcoidosis 

The genotype analysis of 44 patients with 
sarcoidosis revealed that 26 (0.60) patients were 
homozygous for the allele TNFA1, 16 (0.37) were 
heterozygous and 1 (0.03) was homozygous for the 
allele TNFA2 (frequency of genotypes in parentheses). 
Concerning the TNFB gene, 6 (0.14) patients were 
homozygous for the allele TNFB1, 21 (0.48) were 
heterozygous and 17 (0.38) were homozygous for the 
allele TNFB2. The allele frequencies were 0.79, 0.21, 
0.38 and 0.62 for TNFA1, TNFA2, TNFB1 and 
TNFB2, respectively. These allele frequencies do not 
differ from those of healthy controls.22 As can be 
expected from the known gene frequencies of the 
investigated polymorphisms, only one patient with 
sarcoidosis was found to be homozygous for the allele 
TNFA2, which did not allow an exact statistical 
comparison of this genotype. 

Differential cell count results of patients with 
sarcoidosis and controls in BAL fluid 

The AM and lymphocyte differential cell counts of 
BAL were determined in all patients and 11 controls. 
In comparison with controls, patients with sarcoidosis 
exhibited a significant increase in BAL lymphocytes 
[3.3 (0-22) vs 14.0 (1.9-77); P<0.01] and consequently 
a significant decrease in AM [96.0 (78.0-99.0) vs 84.9 
(20.3-98.0); P<0.01]. Statistical analysis did not show 

any significant difference in AM and lymphocyte 
differential cell counts between sarcoidosis patient 
genotypes (Table 1). 

Spontaneous and LPS-induced TNF-a release of 
BAL cells in patients with sarcoidosis and 
controls 

Spontaneous TNF-a release of BAL cells and 
PBMC were measured both in patients with sarcoidosis 
and in controls in order to demonstrate the in vivo 
activation of sarcoid BAL cells and PBMC which 
results in an elevated ex vivo TNF-a release in patients 
with sarcoidosis, compared with controls. The spon- 
taneous TNF-a release of BAL cells was significantly 
higher [1297 (0-31300) pg/ml; P<0.01] in patients with 
sarcoidosis compared with controls [246 (0-959) pg/ml; 
Table 1]. Comparison of spontaneous TNF-a release 
in BAL between sarcoidosis patients with different 
genotypes did not reveal any statistical difference. To 
demonstrate the exaggerated spontaneous TNF-a 
release of patients with sarcoidosis, the results of a 
control group are given for comparison (Fig. 1). 

The LPS-induced TNF-a release of sarcoid BAL 
cells [23 070 (1857-129 000) pg/ml] increased compared 
with controls, but this difference was not statistically 
significant [12 692 (1230-50 880) pg/ml; Table 1]. 
Again, the statistical test did not yield significant 
differences between sarcoidosis patients with different 
genotypes. 

Spontaneous and LPS-induced TNF-a release of 
PBMC in patients with sarcoidosis and controls 

Similar results were found for TNF-a production 
of PBMC. The spontaneous TNF-a release of PBMC 
was significantly higher [541 (0-10 100) pg/ml; P<0.05] 
in patients with sarcoidosis compared with controls [0 
(0-1054) pg/ml; Table 1]. However, this difference was 
due to disproportionately high values of only two 
patients. There was no significant difference in TNF-a 
release between sarcoidosis patients with different 
genotypes. The LPS-stimulated TNF-a release of 
PBMC was also significantly higher [5720 (1783- 
15 345) pg/ml; P<0.05] in patients with sarcoidosis 
than in controls [1843 (0-11 219) pg/ml; Table 1], 
which was due to exaggerated values of two patients. 
Comparison of genotypes of patients with sarcoidosis 
did not yield any difference in TNF-a release. 

Spontaneous and LPS-induced TNF-a release of 
sarcoid BAL cells and PBMC in relation to 
TNFA and TNFB haplotypes 

TNFA2 (TNFA 1/2 and 2/2) and TNFB2 (TNFB 
1/2 and 2/2) allele carrier and non-carrier (TNFA 1/1; 
TNFB 1/1) patients with sarcoidosis were also com- 
pared for TNF-a production and BAL differential 
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TABLE 1. Differential cell count and spontaneous and LPS-induced TNF-a release in bronchoalveolar la vage (BAL) and 
peripheral blood mononuclear cells (PBMC) in sarcoidosis patients with different TNFA and TNFB genotypes and controls. All data 
are expressed as median and range. Data are results of Mann-Whitney U test for differences in LPS-induced TNF-a release of BAL 
cells 

BAL PBMC 

AM cell LY cell Spontaneous LPS induced Spontaneous LPS induced 

differential differential TNF-a release TNF-a release TNF-a release TNF-a release 

Genotype (%) (%) (pg/ml) (pg/ml) (pg/ml) (pg/ml) 

TNFA 1/lt 82.1 17.0 1532 16 306 660 6925 

«=26 (20.3-96.8) (1.9-77.0) (22-31 300) (1857-129 000) (0-10 100) (1855-15 345) 

«=26 «=26 « = 25 « = 25 « = 20 «=19 

TNFA 1/2* 84.9 13.7 1119 29 422 351 3792 

«=16 (45.8-97.4) (1.9-53.0) (0-13 387) (5595-59 350) (0-2336) (1783-14 130) 

«=16 «=16 «=15 «=14 « = 10 «=10 

TNFA 2/2* 92.3 3.3 1977 64 238 425 7778 

«=1 «=1 « = 1 «=1 «=1 «=1 «=1 

TNFB 1/1 85.6 14.0 1201 42 679 958 6040 

n = 6 (47.1-92.3) (3.3-52.3) (786^1326) (11480-64 238) (425-1759) (2678-7778) 

« = 6 « = 6 «=6 « = 6 «=4 «=4 

TNFB 1/2 85.0 12.5 1184 27 060 482 3950 

«=21 (45.8-98.0) (1.9-53.0) (0-23 411) (2005^12 649) (0-9435) (1783-14 600) 

«=21 «=21 «=19 «=18 «=16 «=15 

TNFB 2/2 81.0 17.7 2471 16 306 541 7322 

«=17 (20.3-96.3) (1.9-77.0) (22-31 300) (1857-129 000) (0-10 100) (1855-15 345) 

«=17 «=17 «=17 «=17 «=12 «=12 

Sarcoidosis 84.9 14.0 1297 23 070 541 5720 

patients (20.3-98.0) (1.9-77.0) (0-31 300) (1857-129 000) (0-10 100) (1783-15 345) 

«=44 «=44 «=44 «=42 «=41 «=32 «=31 

Controls 96.0 3.3 246 12 692 0 1843 

«=11 (78.0-99.0) (0-22.0) (0-959) (1230-50 880) (0-1054) (0-11219) 

« = 11 «=11 «=11 «=11 «=11 «=11 

*TNFA2 (TNFA 1/2 and 2/2) allele carrier vs fTNFA2 (TNFA 1/1) allele non-carrier patients with sarcoidosis, P=0057; after excluding the only patient with TNFA 
2/2 genotype, i>=00936. 

cell counts. The statistical analysis did not exhibit 
significant differences between sarcoidosis patients with 
different haplotypes in TNF-a release or BAL differ- 
ential cell counts. However the LPS-induced TNF-a 
release of BAL cells of TNFA2 allele carriers [30 337 
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Figure 1. Spontaneous TNF-a release in bronchoalveolar lavage with 
different TNFA and TNFB genotypes of patients with sarcoidosis and 
controls. 

The medians are indicated by horizontal bars. (O) sarcoidosis 
patients with TNFA genotype; (A) sarcoidosis patients with TNFB 
genotype; (O) controls. 

(5595-64 238) pg/ml] was close to being significantly 
higher than that of TNFA2 allele non-carriers [16 306 
(1857-129 000) pg/ml; P=0.057]. By excluding the 
one patient with the TNFA 2/2 genotype from the 
analysis, the difference became much smaller [29 422 
(5595-59 350) vs 16 306 (1857-12 9000) pg/ml; 
P=0.0936]. 

Discussion 

In accordance with the findings of Ishihara et al, 
we could not find any association of TNFA2 or 
TNFB2 with sarcoidosis.26 It is noteworthy that in 
a subgroup of patients with sarcoidosis, Löfgren 
syndrome, such an association with TNFA2 was 
identified.22 TNF-a is a potent proinflammatory 
cytokine and it has been shown that in sarcoidosis, as a 
result of an unknown in vivo activation, BAL cells 
release high amounts of TNF-a, spontaneously and 
after in vitro stimulation.2"4'27 The results of the 
present study also confirm this observation. Although 
sarcoidosis is a systemic disease, exaggerated cytokine 
release is restricted to BAL cells and the corresponding 
cells of the peripheral blood are quiescent.1'2'28 How- 
ever, in some patients an activation of PBMC can be 
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observed, which results in the increase of spontaneous 
and LPS-induced TNF-a release observed in this 
study.2 The exaggerated spontaneous and LPS-induced 
TNF-a release of sarcoid BAL cells is thought to be the 
consequence of in-situ activating processes by an 
unknown agent causing the disease.1'2 This concept is 
supported by the observation that patients with 
increased TNF-a release are prone to recalcitrant or 
progressive disease.6 Thus, sarcoidosis could serve as 
a model to test the in vivo effect of TNF gene 
polymorphisms. 

The expression of TNF-a is regulated at both the 
transcriptional and post-transcriptional level, and the 
differences in TNF-a release may be caused by 
differences in promoter activity.14'15'29 Several trans- 
fection reporter gene studies have proved that indi- 
viduals with the TNFA2 or TNFB2 allele of the TNF 
gene have a higher ex vivo TNF-a expression upon 
stimulation.9"11'14 

However, the actual in vivo biological effects of 
these polymorphisms are supported by only a limited 
number of clinical studies. McGuire et a!, found that 
patients with cerebral malaria had higher TNF-a levels 
and were more likely to carry the TNFA2 allele, while 
Stüber et al. reported that the TNFB polymorphism 
is a genetic marker for patients with high circulating 
TNF-a   response   and   poor   prognosis   in   severe 

•    13 17 sepsis.   ' 
Considering these results, we hypothesized that 

TNFA and/or TNFB polymorphisms may influence 
the high spontaneous and induced TNF-a release of 
sarcoid BAL cells. The absence of a correlation 
between the genotypes of the TNFA and TNFB poly- 
morphisms and the amount of TNF-a revealed, indi- 
cates that in sarcoidosis the phenotype of BAL cell 
activation is independent of the discussed polymor- 
phisms. Although the comparison of TNFA2 allele 
carrier and non-carrier patients with sarcoidosis for 
LPS-induced TNF-a release in BAL revealed a statisti- 
cal difference close to being significant (P=0.057), after 
the exclusion of the only patient with the TNFA 2/2 
genotype this difference became rather small 
(P=0.0936), casting doubt on its biological relevance. 
As expected from the gene frequencies, only one 
patient was homozygous for allele TNFA2, which 
precludes a statistical analysis. To the best of our 
knowledge this is the first report that has examined the 
in vivo effect of TNFA and TNFB polymorphisms on 
the TNF-a production of mononuclear cells activated 
by a disease process in vivo. 

The TNF gene resides in the MHC class III 
region. Previous genetic studies have demonstrated 
that, in immune-related diseases, the increased fre- 
quency of the TNF2 allele is dependent on its associ- 
ation with HLA-DR17.30'31 In Scandinavian patients 
with sarcoidosis, HLA-DR17 conferred a good prog- 

nosis, thus it is likely that TNFA2 in patients with 
Löfgren syndrome may constitute a passive component 
or is a component of a multifactorial mechanism with 
further unknown regulatory genes.32 

Our negative observation also casts doubt on the 
hypothesis that the in vivo TNF-a release is generally 
determined by the TNFA or TNFB polymorphisms. 
However, before rejecting the hypothesis outright, 
further studies in other diseases are warranted. 

In conclusion, the possibility that TNFA or 
TNFB polymorphisms could determine a susceptibility 
for sarcoidosis or play a general regulatory role in the 
production of TNF-a are not supported by our find- 
ings. The reported correlation between the clinical 
course of sarcoidosis and spontaneous TNF-a release 
of AM may be explained by polymorphisms in other 
regions of the TNF gene or by changes induced by the 
disease process.2'27'33 

MATERIALS AND METHODS 

Patients 
The study population consisted of 44 patients with 

pulmonary sarcoidosis and 11 individuals who underwent 
bronchoscopy and were retrospectively free of any inflamma- 
tory or malignant lung disease. Sarcoidosis was diagnosed 
using previously defined criteria, including transbronchial 
biopsy.23 

DNA extraction and typing of TNF-a and TNF-ß 
genes 

Genomic DNA was isolated by standard phenol- 
chloroform extraction procedures from peripheral blood 
taken for diagnostic purposes and surplus to requirements. 
Analysis of 44 unrelated patients with sarcoidosis was 
performed. 

For PCR amplification of the TNFA and TNFB 
regions, 100 ng of genomic DNA was added to 100 ul of 
reaction mixture containing 200 ng of each primer (TNFA: 
5'-AGGCAATAGGTTTTGAGGGCCAT-3', 5'-TCCTCC 
CTGCTCCGATTCCG-3'; TNFB: 5'-CCGTGCTTCGTG 
CTTTGGACTA-3', 5'-AGAGGGGTGGATGCTTGGG 
TTC-3'), 200 mM of each dNTP, 5 U Taq-Polymerase 
(Perkin-Elmer) in PCR reaction buffer (50 mM KCI, 10 mM 
Tris-HCl, pH 8.3, 1.5 mM MgCl2 and 0.1% gelatin). Cycle 
conditions for TNFA were as follows: 38 cycles of 1 min at 
94°C, 1 min at 60°C and 1.5 min (+2s per cycle) at 72°C. The 
conditions for TNFB were similar, but used an annealing 
temperature of 70°C. Products of 107 and 782 bp were 
generated for TNFA and TNFB, respectively. The amplified 
PCR products were digested with Ncol and analysed on an 
agarose gel stained with ethidium bromide. The restriction 
digests of the TNFA PCR product generated fragments of 87 
and 20 bp (TNFA1) and 107 bp (TNFA2). The TNFB PCR 
product generated fragments of 586 and 196 bp (TNFB1) 
and782bp(TNFB2).7'13 
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BAL and preparation of lung and blood 
mononuclear cells 

BAL was performed as previously described.24 Briefly, 
between 200 and 300 ml sterile saline (0.9% NaCl) was 
instilled into a lingula or middle-lobe segment in 25-ml 
aliquots. Each aliquot was immediately aspirated and the 
cells were washed in phosphate buffered saline. Differential 
cell counts were determined by counting a minimum of 200 
cells in a cytocentrifuge preparation (Cytospin II; Shandon 
Instruments, Sewickley, PA). 

PBMC were obtained from venous blood through 
density-gradient centrifugation as described elsewhere.25 

Cell culture 
Washed BAL cells and PBMC were cultured at a density 

of 1 x 106 cells/ml over a period of 24 h either without 
additives or with 1 ug/ml LPS {Salmonella abortus equi) in 
endotoxin-free RPMI 1640 (Seromed, Berlin, Germany) sup- 
plemented with 2% heat inactivated human serum, 20 mM 
HEPES (Gibco, Paisley, Scotland), 2mM L-glutamine, 
100 U/ml penicillin and 100 \ig streptomycin in 24-well tissue- 
culture plates in a 5% C02 humidified atmosphere at 37°C. 
At the end of the culture period the supernatants were 
harvested and stored at - 70°C until assayed for TNF-a. The 
viability of the cells after culture always exceeded 95% as 
determined by Trypan blue exclusion. 

TNF-a assay 
The concentrations of TNF-a released by BAL cells and 

PBMC either spontaneously or after ex vivo stimulation were 
measured with a previously described ELISA.2 Analysis of 44 
patients with sarcoidosis, and 11 controls was performed. 

Statistical analysis 
Data on differential cell counts and TNF-a are expressed 

as median and range. Differences in differential cell counts 
and TNF-a concentration between patients with sarcoidosis 
and the control group and among sarcoidosis patients with 
different genotypes were evaluated with the Mann-Whitney 
U test. Values of P of less than 0.05 were considered 
significant. 
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IL-15 IS ELEVATED IN THE PATIENTS OF 
POSTOPERATIVE ENTEROCOLITIS 

Toshihiko Mayumi,1 Jun Takezawa,1 Hideo Takahashi,1 Haruo Yamaguchi,2 

Hitoshi Nishimura,2 Atsushi Enomoto,2 Satoshi Ichiyama,3 Yasunobu Yoshikai2 

Serum interleukin 15 (IL-15) levels were measured in 77 patients who were consecutively 
admitted to our intensive care unit. Postoperative enterocolitis occurred in four patients and 
Methicillin-resistant Staphylococcus aureus (MRSA), but not Clostridium defficile, was ident- 
ified in the faecal specimens from these patients. The IL-15 levels in the patients with MRSA 
enterocolitis were significantly elevated compared with those of other MRSA infections without 
enterocolitis including pneumonia («=6) and cholangitis (n=l), and other MRSA non-colonized 
patients («=66) (21.2 ± 5.2 pg/ml vs 4.3 ± 0.2, 4.3 ± 0.5). Notably, an increase in serum IL-15 
was observed just before clinical manifestation of severe diarrhoea. Our findings suggest that 
IL-15 may be associated in the pathogenesis of postoperative enterocolitis and its serum level 
may be a severity indicator of the disease. 

© 1999 Academic Press 

Nosocomial infection is a major source of deterio- 
rating morbidity and mortality in surgical patients. 
Postoperative diarrhoea is an infrequent complication. 
However, its prognosis is very poor once it occurs. 
Although Clostridium difficile is the most common 
organism of postoperative colitis, Methicillin-resistant 
Staphylococcus aureus (MRSA) enterocolitis some- 
times occurs in postoperative patients after major 
surgery. MRSA enteritis is characterized by high fever, 
abdominal distention, and diarrhoea leading to severe 
dehydration, a decrease in peripheral blood leukocytes 
and shock.1 S. aureus is a normal inhabitant of the 
gastrointestinal tract and can be found in normal 
bowel flora in 10% of healthy people.1 The increase in 
pH in gastric juice caused by gastrectomy, admin- 
istration of a histamine H2 receptor antagonist or 
indwelling of naso-gastric tube is thought to be one of 
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the aetiologic factors causing MRSA enteritis.2'3 Fur- 
thermore, the postoperative utilization of antibiotics 
and paralysis of the intestine are additional risk factors 
in the development of MRSA enteritis. The bacteria 
being transmitted and resting in the stomach are not 
killed due to the low acidity of the gastric juice, and 
they move downward and grow in the lower digestive 
tract, resulting in the development of MRSA enteritis.4 

A novel cytokine, IL-15, has been found to share 
many immunological activities with IL-2 in spite of the 
lack of sequence homology between these two 
cytokines.5'6 IL-15 can activate T cells, B cells and NK 
cells through utilizing components of IL-2Rß and y 
chains and IL-15Ra for signal transduction.7"11 In 
contrast to IL-2, which is exclusively produced by 
activated T cells, IL-15 mRNA is expressed in a variety 
of cell types such as placenta, skeletal muscle, kidney 
and activated macrophages.6'12'13 However, it has been 
difficult to demonstrate IL-15 protein in the super- 
natant of these cells expressing IL-15 mRNA.14 Post- 
transcriptional and post-translational mechanisms are 
present for controlling IL-15 production.15'16 Never- 
theless, this cytokine is thought to be involved in the 
pathogenesis of chronic inflammatory disorders with 
aberrant immune responses.17 Recently, it has been 
reported that human intestinal epithelial cells express 
IL-15 mRNA18 and that the number of IL-15- 
producing cells in peripheral blood is increased in 
patients with inflammatory bowel disease.19. We have 
also detected an increase in IL-15 in the culture super- 
natant of rectum biopsy samples in patients with 
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TABLE 1.   Summary of the Patients of MRSA Infections 

Case Sex 

1 71 M 
2 66 M 
3 76 M 
4 67 M 
5 60 F 
6 63 M 
7 62 M 
8 58 M 
9 44 M 
0 80 M 
1 79 M 

Operative method 

Low anterior colorectal resection 
Hepatic right trisegmentectomy 
Right hepatectomy+PD 
Peritoneal lavage, colostomy 
Patch closure of ventricular septum 
PD 
Hepatic median lobectomy 
oesophagectomy 

Site of infection Onset Outcome 

Stool Day 4 Alive 
Stool Day 6 Dead (161 days) 
Duodenal juice Day 4 Alive 
Stool Day 6 Alive 
Stool, sputa, decubitus Day 10 Alive 
Nasal mucus Day 4 Alive 
Nasal mucus Day 1 Alive 
Sputa Day 6 Alive 
Bile — Alive 
Sputa — Alive 
Sputa — Alive 

PD, pancreatoduodenectomy 

inflammatory bowel diseases.20 Taken together, it 
would thus appear that IL-15 might be associated 
with inflammatory bowel disease with immunological 
activation. 

In the present study, to determine whether IL-15 is 
involved in the pathogenesis of postoperative entero- 
colitis, we examined the serum level of IL-15 in patients 
with MRSA enterocolitis, and compared it with that of 
patients with other MRSA infections. 

RESULTS 

We consecutively measured serum levels of IL-15 
in eleven patients (10 men and 1 woman; mean age, 
66.0 years old; range, 44-80) with MRSA infection. 
The patients' backgrounds are summarized in Table 1. 
Cases 1 to 4 were diagnosed as having enterocolitis 
with severe diarrhoea by MRSA. While C. difficile 
toxin was not examined, C. difficile was not detected in 
the culture of their faeces. Case 5-8, 10, and 11 suffered 
from MRSA pneumonia, and case 9 was MRSA 
cholangitis. In these cases, except case 5, MRSA could 
not be detected in their faeces. In case 5, MRSA was 
identified in the culture of the faeces and decubitus, but 
she did not suffer enterocolitis or diarrhoea. All chro- 
mosomal DNA types of cultured MRSA produce 
coagulase II, enterotoxin C and TSST-1. 

The serum levels of IL-15 were compared between 
the patients with enteritis and those without enteritis 
on the days just before and after detection of MRSA. 
As shown in Figure 1, IL-15 was significantly elevated 
in the patients with MRSA enteritis (range 9.5-33.0 pg/ 
ml), especially just before MRSA was identified in 
patient samples. Diarrhoea followed the elevation of 
IL-15 in all four patients. On the other hand, all of the 
IL-15 levels in the patients with other types of MRSA 
infections were less than 7 pg/ml at any stage, including 
the days just before and after MRSA detection. In 
Case 5, with MRSA in the faeces and who had no 
symptoms of enteritis, IL-15 levels remained at lower 

than 5 pg/ml. Also patients with other diseases showed 
a trivial level of IL-15. The changes in IL-15 of eleven 
patients with MRSA infections are shown in Figure 2. 

Further detailed analyses on postoperative 
enteritis are demonstrated for each case in Figure 3. 

Case 1 

Low anterior colorectal resection was performed 
for cancer of the sigmoid colon. IL-15 was markedly 
elevated on postoperative day 3, and remained high 
until postoperative day 7. On the other hand, IL-10 
was increased only on postoperative day 0 (Fig. 3A). 
On postoperative day 4, the patient had frequent 
watery diarrhoea and developed shock. MRSA was 
detected in the culture of this defecation. On the next 
day, respiratory failure from pneumonia and renal 
failure   from   hypovolaemic   shock   appeared.   The 
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Figure 1.   Serum IL-15 levels of in the patients of MRSA infections. 

Serum IL-15 levels were significantly elevated in the patients with 
MRSA enteritis («=4) (range 9.5-22.0 pg/ml), especially just before 
MRSA detection in patient samples. The elevation of IL-15 was 
followed by diarrhoea in all four patients. On the other hand, IL-15 
levels in the patients with other types of MRSA infections (n=6) 
were less than 7 pg/ml at any stage, including days just before and 
after MRSA detection. Patients without MRSA infections 
(MRSA( -))(« = 66) showed low levels of IL-15. Values were 
expressed by mean ± SE *i><0.01 vs other types of MRSA infections 
and MRSA (-). 
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0       pre   0   1 3 5 7 
Postoperative day 

Figure 2. Changes in serum IL-15 levels in the patients of MRSA 
infections. 

Cases 1-4 suffered from MRSA enteritis and cases 5-11 had other 
types of MRSA infections. (•), case 1; (■), case 2; (A), case 3; (T), 
case 4; (O), case 5; (D), case 6; (7; 0, case 8; (V), case 9; (+), case 10; 
(O), case 11. 

enteral administration of vancomycin prevented mul- 
tiple organ failure. IL-15 remained at a high level until 
postoperative day 7. He was discharged on postopera- 
tive day 18. 

Case 2 
A 64 year-old male had hepatic right trisegmen- 

tectomy with portal vein resection for carcinoma of the 
hepatic hilum. IL-15 was markedly elevated but IL-10 
remained at a low level on postoperative day 5. On 
postoperative day 6, he had severe watery diarrhoea 
and developed shock. MRSA was found in the faeces 
on day 6. IL-15 remained at a high level until post- 
operative day 7, then decreased on day 11 (Fig. 3B). 
Similar to case 1, IL-10 was only elevated just after the 
operation and thereafter decreased to an undetectable 
level. With intravenous and enteral vancomycin, diar- 
rhoea subsided 4 days later. But after recovering from 
the enteritis, the patient suffered respiratory failure due 
to pneumonia, gastrointestinal bleeding, disseminated 
intravascular coagulation and hepatic and renal 
failure, and died on postoperative day 161. 

Case 3 
Right hepatectomy and pancreatoduodenectomy 

with portal vein resection were performed for bile duct 
cancer. IL-15 was elevated on postoperative day 1, and 
remained at a high level until postoperative day 3. (Fig. 
3C). The patient had frequent vomiting on postoperative 
day 4 and MRSA was cultured from enteral fluid col- 
lected with an enteral tube. He had severe diarrhoea but 
did not develop shock. He recovered from enteritis with 
vancomycin administered from gastrostomy and was 
discharged on postoperative day 33. 
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Case 4 
After colectomy for the carcinoma of the trans- 

verse colon, anastomosis leakage occurred. Two weeks 
later, colostomy, peritoneal lavage and drainage were 
performed (postoperative day 0). On postoperative day 
5, IL-15 was elevated and severe diarrhoea that con- 
tained MRSA occurred. IL-10, that was elevated after 
the operation, decreased when IL-15 increased (Fig. 
3D). He recovered from enteritis following intravenous 
vancomycin and was discharged 5 months after the 
colectomy. 

In cases 1 to 4, changes in IL-15 level seemed to be 
associated with changes in IL-10. There may be a 
negative correlation between IL-15 and IL-10 levels in 
the serum. It appeared that IL-15 was elevated only 
when IL-10 was at a low level. Whenever serum IL-10 
was elevated, IL-15 was decreased. 

DISCUSSION 

We here show that serum IL-15 was significantly 
elevated in patients with postoperative MRSA entero- 
colitis, compared with those with other MRSA infec- 
tions. In this study, all of the patients developed 
enterocolitis after gastrointestinal surgery involving 
naso-gastric tube and during- and post-operative 
administration of intravenous antibiotics. Three out 
of four cases were pretreated by preoperative selective 
digestive decontamination. IL-15 elevation was evi- 
dent before appearance of severe diarrhoea in these 
patients, suggesting that IL-15 may be involved in the 
pathogenesis of the disease. Serum IL-15 may be used 
as one of hallmarks to follow up the postoperative 
enterocolitis. 

Takesue et al. reported that most of the organisms 
(nine out often) isolated from the faeces of the patients 
with MRSA enteritis were Staphylococcal enterotoxin 
(SE) A and C coproducing strains.4 The analysis of the 
DNA pattern for MRSA in our present study also 
revealed that all species of MRSA produced TSST-1, 
coagulase II and enterotoxin C. TSST-1 and SE have 
been known to be representative bacterial superanti- 
gens which strongly activate T cells, expressing particu- 
larly TCRVß, and often cause toxic shock syndrome 
via excessive production of T cell-derived cytokines 
such as IL-2 and macrophage/monocyte-derived 
cytokines such as interleukin 1 (IL-1) and tumour 
necrosis factor (TNF).21"23 Although it remains 
unknown whether activated T cells can directly pro- 
duce IL-15 or not, there are several lines of evidence 
that activated macrophages are able to produce IL-15 
in humans.15'24 We have also reported that murine 
macrophages infected with Salmonella produced IL-15, 
resulting in y5 T cell expansion in the infected sites of 
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Figure 3.   Changes in serum IL-15, IL-10, IL-6 and body temperature in case 1 (A), case 2 (B), case 3 (C) and case 4 (D). 

In case 1, IL-10 was increased only on day 0,whereas IL-15 was increased on day 3. He suffered from severe diarrhoea and respiratory failure. 
MRSA was detected in the culture of faeces. After administration of perioral vancomycin, he recovered and discharged on postoperative day 18. 
(B) In case 2, IL-15 was increased on day 5 and frequent and severe diarrhoea occurred on postoperative day 6. IL-10 was elevated only on 
postoperative day 0 and remained low while IL-15 was elevated. The patient suffered from disseminated intravascular coagulation (DIC), renal 
failure, respiratory failure and hepatic failure which lead to multiple organ failure. He died on postoperative day 161. (C) In case 3, IL-15 was 
increased on postoperative day 1 when IL-10 was decreased, and vomiting and abdominal fullness appeared. MRSA was cultured in the duodenal 
juice. He had mild diarrhoea. (D) In case 4, on postoperative day 5, IL-15 was elevated and severe diarrhoea that contained MRSA occurred. 
IL-10 that elevated after the operation, decreased when IL-15 increased. (•), IL-15; (D), IL-6; (A), IL-10; (X), body temperature; onset, onset of 
enterocolitis. 

mice.13 Hence, it is possible that MRSA themselves 
and their toxins with superantigen activity may acti- 
vate macrophages/monocytes to produce IL-15 during 
MRSA infection. However, elevated IL-15 levels were 
observed only in the patients with MRSA enterocolitis 
but not in the patients with other MRSA infections, 
suggesting that IL-15 production may be closely 
associated with enterocolitis. It has recently been 
reported that intestinal epithelial cells express IL-15 
mRNA and respond significantly to exogenous 
IL-15.11'18 Furthermore, Kirmann and Nielsen have 
shown increased numbers of IL-15-expressing cells in 
the peripheral blood in active ulcerative colitis.19 We 
have also detected elevation of IL-15 in culture super- 
natants of rectal biopsy samples from patients with 
inflammatory bowel disease.20 Using in situ hybridiza- 
tion technique, IL-15 mRNA is found to be expressed 
not only in infiltrating macrophages but also in epi- 
thelial cells in the intestinal mucosa of the patients.11,20 

Taken together, intestinal epithelium may be one of 

major sources of IL-15 and MRSA infection in the 
intestine may stimulate intestinal epithelial cells to 
produce excessive IL-15, resulting in the increase in 
serum IL-15 level in patients with MRSA enteritis. 

We also measured other cytokines in MRSA infec- 
tion. IL-10, originally described as a cytokine-synthesis 
inhibitory factor produced by the Th2 subset of CD4+ 
T cells, is a key cytokine that regulates macrophage 
functions including TNF-a synthesis, MHC expression 
and nitric oxide production.25 Macrophages can also 
produce IL-10 after stimulation such as with LPS.26 In 
this study, IL-15 was elevated only when IL-10 level 
was low. When IL-10 was elevated, IL-15 was recipro- 
cally decreased (Fig. 3A). Therefore IL-10 may be an 
inhibitory regulator of IL-15 in postoperative entero- 
colitis. IL-6 levels in the serum were not correlated with 
postoperative enterocolitis (Fig. 3). In contrast, the 
IL-15 level in serum reached a peak just before severe 
diarrhoea started and remained at a high level until the 
the patient recovered. 



892 / Mayumi et al. CYTOKINE, Vol 11, No. 11 (November, 1999: 888-893) 

In summary, IL-15 was produced in the patients 
with postoperative enterocolitis but not in the other 
types of MRS A infection. IL-15 may be the one of the 
key cytokines which are involved in postoperative 
enterocolitis. 

MATERIALS AND METHODS 

Serum IL-15 was measured in 77 patients that were 
consecutively admitted to our intensive care unit. MRSA 
were detected in 11 patients (10 men and 1 woman; mean age, 
66.0 years old; range, 44-80). They were composed of: 
MRSA enteritis, 4; pneumonia, 6; cholangitis, 1. Back- 
grounds are summarized in Table 1. The patients were 
diagnosed as having MRSA infection, when all of the follow- 
ing criteria were met: (1) MRSA was cultured in the specimen 
of faeces, sputa, nasal mucus or bile; (2) there were objective 
signs of acute infection; (3) there were at least 3 of the 
following signs of a systemic inflammatory response: (a) 
hyperthermia or hypothermia (temperature >38°C or 
<36°C), (b) tachycardia (>90 beats per minute), (c) tachyp- 
nea (>20 breaths per minute) or PaC02 less than 32 mmHg 
or patients mechanically ventilated, and (d) white blood cell 
count greater than or equal to 12.0 x 109/1 or less than 
4.0 x 109/1 or 0.10 or more immature neutrophils (bands). 
Blood was not detected macroscopically in the faeces of 
patients with enteritis and Colstridium difficile was not cul- 
tured in their faeces, excluding the possibility that the enteri- 
tis was caused by Clostridium difficile. In two cases (Cases 6 
and 7), MRSA was detected in nasal mucus, and the diagno- 
sis of pneumonia was supported by consolidation of chest 
x-ray and increased airway secretions. As controls, serum 
IL-15 levels were measured in 66 other patients who were 
admitted to our intensive care unit without MRSA infection 
(biliary duct carcinoma, 27; hepatic neoplasm, 18; gastric 
neoplasm, 14; pancreatic neoplasm, 4; rectal carcinoma, 2; 
oesophageal carcinoma, 1). All of the patients, except case 4, 
with postoperative enterocolitis received preoperative selec- 
tive decontamination of the digestive tract with oral admin- 
istration of 2 g/day kanamycin for 2 days. All samples were 
obtained with informed consent in accordance with the 
Helsinki Declaration. 

Serum samples were collected early morning and stored 
at — 80°C until measurements were made. Serum IL-6 
and IL-10 levels were determined using human ELISA kits 
(R&D Systems, Minneapolis, MN for IL-6, ENDOGEN, 
Cambridge, MA for IL-10), which detected <3 pg/ml of 
human IL-6 and IL-10. Serum IL-15 was measured by a 
specific quantitative sandwich ELISA system that was 
described previously.20 Briefly, 96-well microplates were 
incubated overnight with rabbit anti-human anti-IL-15 
monoclonal antibody (Ab) which were kindly provided by Dr 
Raymond Paxon, Immunox Research and Development 
Corporation (Seattle, WA). After washing with 0.05% 
Weening/PBS, the wells were blocked by 1% BSA (Sigma, St 
Louis, MO) for 2 h at 37°C. Then rabbit anti-human IL-15 
polyclonal Ab which was also provided by Dr Raymond 
Paxon, was added and incubated for 1 h at 37°C, and 50 ml 
of horseradish peroxidase-conjugated goat anti-rabbit IgG 

(Cappel, NC) was added and incubated for 1 h at 37°C. 
ABTS solution (Zymed, CA) was added and incubated for 
15 min at room temperature. Optical density (OD) at 405 nm 
was measured on the ELISA reader. Serial dilution of 
recombinant human IL-15 was used for standards. Sensitiv- 
ity of this ELISA was 5.0 pg/ml and inter-assay variation was 
less than 10%.27 

Chromosomal DNA analysis by pulse field gel electro- 
phoresis (PFGE) was performed as previously reported.28 

Briefly, chromosomal DNA was prepared as described by 
Smith et al.29 An overnight culture was harvested, washed 
with saline-EDTA solution, and resuspended in Pett IV 
solution. The suspension was mixed with an equal volume 
of 1.2% low-melting-temperature agarose and allowed to 
solidify in a 100-ml mould. The block was incubated over- 
night at 37°C in a lysis solution supplemented with lysozyme 
and acromopeptidase. The block was incubated overnight at 
50°C in ES solution supplemented with proteinase K, then 
treated with 1 mM phenylmethlsulfonyl fluoride in TE buffer 
for 4h and washed 4 times with TE buffer. Thinly sliced 
sections of block were digested with 10U of Kpnl, EcoRl, 
Xhol, BamHl, Smal, and Notl for 18 h and then electro- 
phoresed through a 0.9% agarose gel in TBE buffer at 10°C 
by using the contour-clamped homogeneous electric field 
(CHEF) system (Pulsaphor Plus; Pharmacia LKB Biotech- 
nology, Uppsala, Sweden). The conditions for electrophore- 
sis were 200 V for 15 h, with pulse times ranging from 5 to 
45 sees for Kpnl, EcoRl, Xhol, and BamHl digestions, and 
170 V for 30 h, with pulse times ranging from 10 to 100 sees 
for Smal, and Notl digestions. Then, the gels were stained 
with ethidium bromide, washed with distilled water, and 
photographed. Saccharomyces cerevisiae genomes or lambda 
DNA concatemers (Bio-Rad Laboratories, Richmond, CA), 
or both, were used as the size standard. 

Values were expressed as mean ± SE. Statistical analysis 
was performed by Student's ?-test. A P value of less than 0.05 
was taken as significant. 
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3:45 pm Rad Regulates IL1-Induced NFKB Activation in an kB-lndependent Manner 
by Enhancing the Ability of the P65 Subunit to Transactivate Gene 
Expression (#123) 
Caroline Jefferies 
Trinity College, Dublin, Ireland 
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4:00 pm Interferons Inhibit Activation of Stat6 by lnterleukin-4 in Human Monocytes 
by Inducing SOCS1 Gene Expression (#124) 
Harold Dickensheets 
Food and Drug Administration, Bethesda, Maryland 

4:15 pm Characterization of the Kinase Activity Implicated in the Activation of the IRF- 
3 Transcription Factor (#125) 
Marc Servant 
McGill University, Montreal, Canada 

4:30 pm Novel Post-Translational Regulation of Interferon Regulatory Factor-4 Activity 
by the Immunophilin FKBP52 (#126) 
John Hiscott 
McGill University, Montreal, Canada 

5:00 - 7:30 pm SYMPOSIUM II: Receptor Recycling and Signaling, Papers 127-128 
Chairs: Alice Dautry-Varsat, Institut Pasteur, Paris, France and 

John Schrader, University of British Columbia, Vancouver, Canada 

5:00 pm Endocytosis and Intracellular Fate of lnterleukin-2 Receptors 
Alice Dautry-Varsat 
Institut Pasteur, Paris, France 

5:30 pm Regulation of Signaling Receptors by Ubiquitin 
Linda Hicke 
Northwestern University, Evanston, Illinois 

6:00 pm Rab GTPases and the Coupling of Receptor Signaling and Membrane 
Trafficking 
Philip Stahl 
Washington University School of Medicine, St. Louis, Missouri 

6:30 pm Tlr4: Sole Gateway to LPS Responses 
Bruce Beutler 
Howard Hughes Medical Institute, Dallas, Texas 

7:00 pm CXCR2 Carboxyl-Terminus Leucine-Leucine and Isoleucine-Leucine Motifs 
are Involved in Receptor Internalization and Chemotaxis (#127) 
Guo-Huang Fan 
Vanderbilt University School of Medicine, Nashville, Tennessee 

7:15 pm IL-16/CD4 Activation of T Cells Desensitizes to SDF-1/CXCR4 
Chemotaxis (#128) 
William Cruikshank 
Boston University School of Medicine, Boston, Massachusetts 

7:30 - 9:00 pm Dinner Break 

9:00 -10:00 pm Entertainment 

TUESDAY. DECEMBER 7, 1999 

7:00 a.m. - 4:00 pm      Registration 

8:00 - 9:00 am Continental Breakfast and Exhibit Viewing 

9:00 -11:30 am SYMPOSIUM III: Chromatin Regulation of Gene Expression, Papers 129-131 
Chairs: Kathrin Muegge, National Cancer Institute, Frederick, Maryland and 

Gerald Crabtree, Stanford University Medical School, Stanford, California 

9:00 am Transcriptional Control: Chromatin, Corepressors and Coactivators 
Alan Wolffe 
National Institutes of Health, Bethesda, Maryland 
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9:30 am Signaling to the SWI/SNF-Like Chromatin Remodeling Complex in 
Lymphocyte Development and Activation 
Gerald Crabtree 
Stanford University Medical School, Stanford, California 

10:00 am Gene Regulation in the Immune Response 
Anjana Rao 
Harvard Medical School, Boston, Massachusetts 

10:30 am Reduced Accessibility at the TCR Gamma Locus for Rag Mediated Cleavage 
in IL- 7R -/-Thymocytes (#129) 
Kathrin Muegge 
National Cancer Institute, Frederick, Maryland 

10:50 am A Disease Protective and Immune Suppressive Role of the TNF in Models of 
Systemic and Organ-Specific Autoimmunity (#130) 
George Kollias 
Hellenic Pasteur Institute, Athens, Greece 

11:10 am Retroviral Cross-Talk: HTLV-II Downregulates HIV-1 Replication from PBMC 
of Co-Infected Individuals Via MIP-1a (#131) 
Guido Poli 
San Raffaele Scientific Institute, Milan, Italy 
Toho University, Funabashi, Japan 

FREE AFTERNOON 

5:00 - 7:30 pm SYMPOSIUM IV: Chemokines, Papers 247-249 
Chairs: Ann Richmond, Vanderbilt University School of Medicine, 

Nashville, Tennessee and Joost Oppenheim, National Cancer Institute, 
Frederick, Maryland 

5:00 pm Chemokine Receptors - Multi-Faceted Targets 
Amanda Proudfoot 
Serono Pharmaceutical Research Institute, Geneva, Switzerland 

5:30 pm Chemokine Receptors in Development and in HIV Disease 
Dan Liftman 
New York University Medical Center, New York 

6:00 pm Targeted Disruption of MEKK1 and MEKK2 Define Their Role in Regulating 
Cytokine Production in Response to Antigens and Cellular Stress 
Gary Johnson 
National Jewish Medical Research Center, Denver, Colorado 

6:30 pm The Neutrophil Chemoattractant GCP-2 Selectively Antagonizes the 
Interaction of IP10 with CXCR3 (#247) 
Youmin Weng 
Merck Research Laboratories, Rahway, new Jersey 

6:50 pm Lymphoid Tissue Homing Chemokines are Expressed in Chronic 
Inflammation (#248) 
Nancy Ruddle 
Yale University School of Medicine, New Haven, Connecticut 

7:10 pm IFN-Y Attenuates IL-2 Induced CXCR3 Function in Primary Human 
Lymphocytes: Implications for Th1 Responses (#249) 
Venugopal Gangur 
National Cancer Institute, Frederick, Maryland 

7:30 - 9:00 pm Dinner Break 

8:30 -10:00 pm Entertainment 
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WEDNESDAY. DECEMBER 8. 1999 

7:00 am-12:00 pm        Registration 

8:00 - 9:00 am Continental Breakfast, Exhibit and Poster Viewing II 

9:00 -11:30 am SYMPOSIUM V: Structural Biology, Papers 250-252 
Chairs: Stephen Sprang, Howard Hughes Medical Institute, Dallas, Texas and 

Robert Stroud, University of California, San Francisco, California 

9:00 am To be Announced 
Robert Stroud 
University of California, San Francisco, California 

9:30 am A Death Domain Complex from Flies 
Stephen Sprang 
Howard Hughes Medical Institute, Dallas, Texas 

10:00 am Learning about Function of Apoptosis Proteins from NMR Structures 
Gerhard Wagner 
Harvard Medical School, Boston, Massachusetts 

10:30 am Interaction of Receptor Binding Epitopes of IL-6 Type Cytokines: The 
Specificity of Site III Depends on Site I (#250) 
K.-J. Kallen 
University of Mainz, Germany 

10:50 am Cytomegalovirus Harbors Its Own Unique IL-10 Homolog (#251) 
Sergio Kotenko 
UMDNJ-Robert Wood Johnson Medical School, Piscataway, New Jersey 

11:10 am Cellular Distribution of a Binding Partner for CLF-1 (#252) 
Greg Elson 
Centre D'lmmunologie Pierre Fabre, St. Julien-en-Genevois, France 

11:30 am -1:00 pm       POSTERSESSION II, Papers 132-216 

Autoimmunity, Papers 132-137 
Disease Roles of Cytokines, Papers 138-144 
Hematopoiesis, Papers 145-146 
Reproduction, Papers 147-150 
TH1/TH2 Cytokines, Papers 151-157 
Neurobiology, Paper 158 
Inflammation, Papers 159-181 
Immunoregulation, Papers 182-192 
AIDS, Papers 193-199 
Apoptosis, Papers 200-204 
Genomics, Papers 205-206 
Cytokine Interactions, Papers 207-216 

1:30 - 3:00 p.m. MINISYMPOSIUM VII: Disease, Papers 217-223 
Chairs: Elizabeth Kovacs, Loyola University Chicago, Maywood, Illinois and 

Marc Feldman, Kennedy Institute of Rheumatology, London, 
United Kingdom 

Outstanding Scholar Award: Terry Means 

1:30 pm The CD14 Ligands Lipoarabinomannan and LPS Differ in Their Requirement 
for Toll-Like Receptors (#217) 
and 
Human Toll-Like Receptors Mediate Cellular Activation by 
M. Tuberculosis (#218) 
Terry Means 
Boston University School of Medicine, Boston, Massachusetts 
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1:45 pm Differential ExVivo Response to IFN-ß and IL-12 in Cutaneous Leishmaniasis 
Patients (#219) 
Johan Van Weyenbergh 
LIMI-Oswaldo Cruz Foundation, Salvador, Brazil 

2:00 pm Constitutive Expression of GP-130-Binding Cytokines in Bone Marrow: 
Implications for Myeloma Pathology (#220) 
Beverly Barton 
UMDNJ-New Jersey Medical School, Newark, New Jersey 

2:15 pm Evidence for a Key Role of IL-6 in Antibody-Mediated Experimental 
Myasthenia Gravis Pathogenesis (#221) 
Premkumar Christadoss 

2:30 pm Arteritis in Mice Lacking IL-1 RA (#222) 
Martin Nicklin 
University of Sheffield, United Kingdom 

2:45 pm Anti-lnterleukin-6 Antibody Treatment Restores Some but Not All Immune 
Functions after Thermal Injury (#223) 
Elizabeth Kovacs 
Loyola University Chicago, Maywood, Illinois 

1:30 - 2:45 pm MINISYMPOSIUM VIII: Inflammation, Papers 224-228 
Chairs: Jeremy Saklatvala, Kennedy Institute, London, United Kingdom and 

Jean-Michel Dayer, University Hospital, Geneva, Switzerland 

1:30 pm Roles of Interferon Consensus Sequence Binding Protein and PU.1 in 
Regulating IL-18 Gene Expression in Mouse Macrophages (#224) 
Yong-Man Kim 
Korea Research Institute of Bioscience and Biotechnology, Taejon, Korea 

1:45 pm Expression of the Novel Cytokine IL-B30 in Transgenic Mice Induces a 
Multi- Organ Inflammatory Disease (#225) 
Maria Wiekowski 
Schering-Plough Research Institute, Kenilworth, New Jersey 

2:00 pm HMG-1 Induces TNF Synthesis in Human Peripheral Blood Mononuclear 
Cells (#226) 
Haichao Wang 
The Picower Institute for Medical Research, Manhasset, New York 

2:15 pm Distinct and Overlapping Roles of Lymphotoxin and TNF in Development of 
Lymphoid Tissues: Correlations with Gene Expression Pattern (#227) 
Sergei Nedospasov 
National Cancer Institute, Frederick, Maryland 

Postdoctoral Investigator Award: De Yang 

2:30 pm Human ß-Defensins Use CCR6 as a Receptor to Chemoattract Dendritic and 
T Cells (#228) 
De Yang 
National Cancer Institute, Frederick, Maryland 

3:15 - 4:45 pm MINISYMPOSIUM IX: Immunoregulation, Papers 229-234 
Chairs: Alberto Mantovani, Mario Negri Institute, Milan, Italy and 

Anjana Rao, Harvard Medical School, Boston, Massachusetts 

3:15 pm Identification of a Novel Four-Transmembrane Domain Protein on TH1 
Lymphocytes (#229) 
C. Venkataraman 
Tularik, Inc., South San Francisco, California 

3:30 pm Cloning and Characterization of Mouse and Human TIF, A New IL-10-Related 
Cytokine (#230) 
Laure Dumoutier 
Ludwig Institute for Cancer Research, Belgium 
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3:45 pm BlyS, A Novel Member of the Tumor Necrosis Factor family and Potent B 
Lymphocyte Stimulator (#231) 
Judith Giri 
Human Genome Sciences, Inc., Rockville, Maryland 

4:00 pm Analysis and Functionality of Isoforms of Naturally Occurring IL-18 Binding 
Protein (IL-18BP) (#232) 
Soo-Hyun Kim 
University of Colorado Helath Science Center, Denver, Colorado 

4:15 pm Interferon-Gamma Induced Desensitization (IGID) for House Dust Mites: 
Modulation of Immune Status from TH2 to TH1 Using Inteferon-Gamma as a 
New Therapeutic Concept for Atopic Dermatitis (#233) 
Geunwoong Noh 
Sungkyunkwan University School of Medicine, Seoul, Korea 

4:30 pm Xanthine Oxidase as a Mediator of Cytokine Action in Arthritis and 
Experimental Autoimmune Encephalomyelitis (#234) 
Pietro Ghezzi 
Mario Negri institute, Milan, Italy 

3:15 - 4:45 pm MINISYMPOSIUM X: Cancer, Papers 235-240 
Chairs: Michael Lotze, University of Pittsburgh Cancer Institute, Pittsburgh, 

Pennsylvania and Robert Strieter, The University of Michigan Medical 
Center, Ann Arbor, Michigan 

3:15 pm Transformation byt TNF-a in BALB/3T3 Cells and Overexpression of IL-1 
Gene in the Transformants (#235) 
Masami Suganuma 
Saitama Cancer Center Research Institute, Saitama, Japan 

3:30 pm Immunotherapy of Renal Carcinoma Suppresses NF-KB Response and 
Increases Susceptibility to Cytotoxic Effectors (#236) 
Udo Junker 
University of Jena, Germany 

Young Investigator Award: Jean-Christophe Renauld 

3:45 pm CCR8-Dependent Activation of the Ras/MAP-Kinase Pathway Mediates Anti- 
Apoptotic Activity of I-309 and vMIP1 (#237) 
Jean-Christophe Renauld 
Ludwig Institute for Cancer Research, Brussels, Belgium 

4:00 pm The Mechanism of MGSA/GROa Mediated Transformation in Mouse 
Melanocytes (#238) 
DingZhi Wang 
Vanderbilt University School of Medicine, Nashville, Tennessee 

4:15 pm Differential Activity of IL-1 Alpha and IL-1 Beta in Tumor Development (#239) 
E. Voronov 
Ben-Gurion University of the Negev, Beer-Sheva, Israel 

Postdoctoral Investigator Award: Xuedong Liu 

4:30 pm Interaction of the Ski Oncoprotein with Smad3 Regulates TGF-ß 
Signaling (#240) 
Xuedong Liu 
Whitehead Institute for Biomedical Research, Cambridge, Massachusetts 

3:15 - 4:45 pm MINISYMPOSIUM XI: Apoptosis, Papers 241-246 
Chairs: David Wallach, The Weizmann Institute of Science, Rehovot, Israel and 

Anneliese Schimpl, University of Würzburg, Germany 
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3:15 pm Overexpression of the Bcl-2 Family Member A1 in CD4+ T Cells from IL-2 
Deficient Mice (#241) 
Sabine Wagner 
University of Würzburg, Germany 

3:30 pm Multiple Mechanisms of Tumor Lysis by Activated T Cells (#242) 
Thomas Sayers 
National Cancer Institute, Frederick, Maryland 

3:45 pm Human and Murine Cellular Models for Caspase Independent Death Induced 
by TNF or dsRNA (#243) 
Michael Kalai 
University of Ghent, Belgium 

4:00 pm Molecular Mechanisms Involved in the Lithium-Induced Sensitization of 
Tumor Cells to TNF-lnduced Apoptosis (#244) 
Rudi Beyaert 
University of Ghent, Belgium 

4:15 pm Interleukin (IL)-7 Induces Rapid Activation of Pyk2 Which is Bound to Jak1 
and IL-7RCC (#245) 
Naima Benbernou 
National Cancer Institute, Frederick, Maryland 

4:30 pm Transient Infiltration of Neutrophils into the Thymus in Association with 
Apoptosis Induced by Whole Body X-lrradiation (#246) 
Yoshiro Kobayashi 

5:00 - 7:30 pm SYMPOSIUM VI: Clinical, Papers 253-254 
Chairs: Charles Dinarello, University of Colorado Health Sciences Center, Denver 

and Elizabeth Kovacs, Loyola University Chicago, Maywood, Illinois 

5:00 pm Novel Cytokines in the Treatment of Cancer: IL-17 and Beyond 
Michael Lotze 
University of Pittsburg Cancer Institute, Pittsburgh, Pennsylvania 

5:30 pm CXC Chemokines In Angiogenesis 
Robert Streiter 
The University of Michigan Medical Center, Ann Arbor, Michigan 

6:00 pm Infection Susceptibility and How to Overcome it: Interferon Gamma and Its 
Receptor 
Steven Holland 
National Institutes of Health, Bethesda, Maryland 

6:30 pm lnterleukin-1 Genes and Artery Disease and Artery Disease (#259) 
Gordon Duff 
University of Sheffield, United Kingdom 

6:50 pm Cytokine disregulation in the Rheumatoid Synovium: Mechanisms of TNFa 
Regulation and Disease Chronicity (#253) 
Marc Feldmann 
Kennedy Institute of Rheumatology, London, United Kingdom 

7:10 pm Molecular Cloning of a Novel Macrophage-Derived Cytokine (SMAF-1) and Its 
Immuomodulating Capacities (#254) 
Lucie Franzen 
Innogenetics, Ghent, Belgium 

8:00 - 9:00 pm. Banquet 

9:00 -10:00 pm AWARD PRESENTATIONS 

ICS LIFETIME HONORARY MEMBERSHIP AWARD LECTURE 
Regulation of the Interferon Systems in Innate and Adaptive Immune 
Responses 
Tadatsugu Taniguchi 
University of Tokyo, Japan 

10:00 - Midnight Entertainment 
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THURSDAY. DECEMBER 9.1999 

8:00 - 9:00 am Continental Breakfast 

9:00 -11:30 a.m. SYMPOSIUM VII: Apoptosis, Papers 255-256, 260 
Chairs: Bruce Beutler, Howard Hughes Medical Institute, Dallas Texas and 

Scott Durum, National Cancer Institute, Frederick, Maryland 

9:00 am To be Announced 
Douglas Green 
La Jolla Institute of Cellular and Molecular Immunology, San Diego, California 

9:30 am Death and Transcription Regulation by Receptors of the TIMF/NGF Family 
David Wallach 
The Weizmann Institute of Science, Rehovot, Israel 

10:00 am To be Announced 
Craig Thompson 
University of Chicago, Illinois 

Postdoctoral Investigator Award: Annette Khaled 

10:30 am IL-7 Withdrawal Induces a Rapid Rise in Intracellular pH Causing: A) Bax 
Translocation to Mitochondria and B) Transient Mitochondrial Hyper- 
Polarization (#255) 
Annette Khaled 
National Cancer Institute, Frederick, Maryland 

10:50 am An Interferon-lnduced Protein of the Bcl-2 Family Has Two Independent 
Activities: It Promotes Apoptosis and Synthesizes 2-5 (A) (#256) 
Ganes Sen 
The Cleveland Clinic Foundation, Cleveland, Ohio 

11:10 am Normal Homeostasis, Lack of Autoimmunity, but Severely Impaired IL-2R 
Function by Mature T Cells after Thymic Expression of the IL-2R ß Chain in 
IL-2R ß-Deficient Mice (#260) 
Tom Malek 
University of Miami School of Medicine 
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912 / Abstracts 

SALF9R AND SALF15R ARE POTENTIAL VIRAL 
ANTAGONISTS OF IL1 AND TOLL SIGNALLING. A.a 
Bowiet, E. Kiss-Toth§, S.K. Dower§, J. A. Symonsl, G.L. 
Smith"! and L.A.J. O'Neillt, tDept. of Biochemistry, Trinity 
College Dublin, Ireland, §University of Sheffield, U.K. and ISir 
William Dunne School of Pathology, University of Oxford, U.K. 

The genome of vaccinia virus (VV) contains genes that encode 
proteins that interfere with host immune responses. We previously 
cloned two novel vaccinia open reading frames (ORFs) with 
sequence hoinology to the cytoplasmic signalling domain of the 
IL1-R1 and human Toll-like receptors (hTLRs). These ORFs are 
termed SalF9R (or A46R) and SalF15R (or A52R). Here we have 
analysed the sequences of the ORFs and characterised the effect of 
the gene products on IL1 and TLR signalling. SalF9R has a region 
strongly related to the YDAYfLY region of the IL1-R1, while 
SalF15R has significant homology to the Heguy region of the EL1- 
Rl. Neither ORFs have homology to a third defined region of the 
signalling domain, shown to be important for both IL1 and TLR4 
signalling. Epitope-tagged versions of both ORFs were shown to 
be expressed in 293 cells, although SalFlSR was expressed more 
strongly. Overexpression of proteins important in IL1 and TLR4 
signalling induced the expression of an NFKB-dependent reporter 
gene. The effects of SalF9R and SalF15R on these inductions was 
determined, and compared to the effect of a truncated dominant- 
negative form of MyD88, a pivotal molecule in both IL1 and 
TLR4 signalling. SalF15R and the mutant MyD88 strongly 
inhibited both IL1 and TLR signalling, while SalF9R was less 
potent. The results suggest that the ORFs are novel viral 
mechanisms of antagonising IL1/TLR signalling. They are likely 
to be useful tools in defining the functional relevance of different 
regions of the IL1/TLR cytoplasmic signalling domain. 

CLONING,   EXPRESSION   ANALYSIS,   AND 
FUNCTIONAL CHARACTERIZATION OF A NOVEL 
CLASS I CYTOKINE RECEPTOR EXPRESSED IN 
CELLS OF LYMPHOID ORIGIN.    A Hammond, J Parrish, 
S Presnell, D Conklin, C Sprecher, S Schrader, W Xu, K Madden, 
C Brandt, J Gross, J Johnston, S Mudri, A Nelson, S Dillon, K 
Kambly, H-P Ren, F Raymond, T Whitmore, M Maurer, and D 
Foster, ZymoGenetics, Inc., Seattle, WA 

We have identified a novel Class I cytokine receptor, zalphal 1, 
which is expressed in lymphoid tissues. This receptor contains the 
hallmark motifs of its class, including two pairs of conserved 
cysteine residues and a conserved "WSxWS" motif in its 
extracellular domain, and conserved Box I and Box II signaling 
motifs in its intracellular domain. Northern analysis indicates low- 
level expression in spleen, thymus, lymph node, bone marrow, and 
peripheral blood lymphocytes; expression appears to be upregulated 
in a Burkitt lymphoma cell line (Raji). RT/PCR and flow 
cytometry suggest expression of zalphal 1 on resting and activated 
B cells and on activated T cells. Immunohistochemistry using a 
polyclonal antibody raised against soluble zalphal 1 localizes the 
receptor to a subset of cells in spleen and thymus. In order to 
assess the signaling capability of zalphal 1, a chimeric receptor was 
constructed which consisted of the extracellular and transmembrane 
domains of Mpl, which forms a homodimer in the presence of 
thrombopoietin (TPO), fused with the cytoplasmic domain of 
zalphal 1. This construct was transfected into the murine IL-3- 
dependent cell line Baf3, and proliferative capacity was measured in 
the presence of TPO without IL-3. Cells transfected with the 
chimeric receptor were able to proliferate in response to TPO, 
indicating that homodimeric zalphal 1 is capable of delivering a 
proliferative signal to Baf3 cells. Given the lymphoid expression 
pattern and signaling capabilities of zalphal 1, its ligand can be 
expected to be a potent lymphopoietic factor. 

1NTERLEUKIN (IL)-13 RECEPTORS AND SIGNALING 
IN HUMAN NON-NEOPLASTIC ASTROGLIAL CELLS: 
ALTERATION WITH MALIGNANT PROGRESSION. 
BP Barna, H. Liu, J. Liu, B. Jacobs, GH Barnett, and ML 
Estes. MetroHealth Medical Center, Cleveland, OH 44109; 
and Cleveland Clinic Foundation, Cleveland, OH 44195. 

IL-4 mediates Gi growth arrest of human astroglial cells 
in a receptor-dependent manner. Because the IL-4 receptor 
is a complex that may contain IL-13 binding elements, we 
speculated that IL-13 might also affect astroglial 
proliferation. IL-13 receptor components and sensitivity 
were investigated in 13 glial cell lines derived from non- 
neoplastic cerebral cortex, low grade astrocytoma, 
anapiastic astrocytoma, and glioblastoma multiforme. 
Unlike peripheral blood lymphocytes (PBL), glial cells did 
not express IL-2 receptor gamma chain (IL-2Ryc). IL-13 
receptor alpha-1 (IL-13Rcd) however, was present in 11/13 
glial lines and PBL. Deficient cell lines were glioblastoma- 
derived. IL-13 receptor alpha-2 (IL-13Rcc2) was found in 
all 8 anapiastic astrocytoma and glioblastoma lines but not 
in other glial lines or PBL. In non-neoplastic, low grade, 
and anapiastic astrocytoma, IL-13 reduced DNA synthesis, 
an effect reversible with antibody to IL-4Ra. Glioblastoma 
cells were uniformly insensitive and failed to phosphorylate 
STAT6 after IL-13 challenge. Data suggest that IL-13 
receptors and sensitivity are characteristics of non- 
neoplastic astroglia and that these characteristics become 
altered with malignant progression. Supported by NIH 
srantROlNS-33932. 

CYTOK1NES IN DEPOT FORMULATIONS ARE ADJUVANTS 
F.VV. Falkenberg, O.C. Krup, M. Peters, R. Schroder and 
S. Wasmuth. Abteilung für Medizinische Mikrobiologie, 
Ruhr-Universität Bochum, 44780 Bochum, Germany. 

The induction of an immune response is a strictly local 
process, involving local resident cells, locally deposited 
antigen and signaling by locally released cytokines. The 
cytokine molecules released attract other cells to the site 
which themselves release other cytokines, and so forth. 
As a consequence, a complete immune reaction resulting 
in systemic immunity is induced. This process has been 
succesfully mimicked by applying cytokine gene-trans- 
fected cells in a local depot. However, once a transfected 
cell has been injected, it is very difficult to control its 
actions. We have approached this problem by applying 
cytokines in depot formulations, e.g. encapsulated into 
liposomes or simply adsorbed to adsorbent materials. As 
a result we found that strong humoral and cellular im- 
mune responses can be induced when soluble or cellular 
antigens are applied mixed with a cytokine/cytokines in a 
depot formulation ("Cytokine-Depots"). Applying "Cy- 
tokine-Depot Tumor Vaccines" we were able to induce 
not only prophylactic protective but also therapeutic 
curative tumor-specific cytotoxic immune responses in 
tumor-bearing animals. Applying this concept, immunity 
to a variety of murine tumors has been induced with dif- 
ferent cytokines in different depot formulations. 
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TNF-a / IL-1 AS ESSENTIAL CYTOKINES IN TUMOR 
PROMOTION.  H. FUJIKI. M. Suganuma, S. Okabe, E. 
Sueoka and M.W. Marino1. Saitama Cancer Center Res. 
Inst. Saitama 362-0806, Japan and 'Memorial Sloan- 
Kettering Cancer Center, New York, N.Y. 10021 

We previously demonstrated that okadaic acid induces 
TNF-a/IL-1 in the target tissues of tumor promotion, and 
that TNF-a stimulated transformation of BALB/3T3 cells 
initiated with 3-methylcholanthrene. To examine our 
hypothesis that TNF-a is an essential cytokine in carcino- 
genesis, we conducted two-stage carcinogenesis experi- 
ments with DMBA + okadaic acid, and DMBA + TPA, on 
the skin of TNF-a deficient mice. Tumorigenesis in 
TNF-a -/- mice was significantly depressed compared with 
TNF-a +/+ mice, although some tumor development was 
observed in the late weeks of tumor promotion, suggesting 
that IL-1 might be responsible for play the role in this 
residual tumor promoting activity. Since TNF-a -/- mice 
develop normally and have no gross structural or morpho- 
logical abnormalities, we think that this response to a tumor 
promoter in TNF-a -/- mice reflects innate cancer suscepti- 
bility. This correlated well with evidence that most cancer 
preventive agents, such as tamoxifen and sulindac, 
commonly inhibited both TNF-a release from the cells and 
TNF-a gene expression in the cells induced by okadaic 
acid. Thus, inhibition of TNF-a release by such agents is a 
key element in their inhibition of tumor development. 

REGULATION OF CD44 EXPRESSION BY IL4 AND IL13 IN B 
CELL LINES. K. Gee. M. Kozlowski, M. Kiyworuchko, S. Aucoin, 
F. Diaz-Mitoma and A. Kumar. Department of Biochemistry, 
Microbiology and Immunology, and Research Institute, Children 
Hospital of Eastern Ontario, University of Ottawa, Ottawa. Canada. 

CD44. an adhesion molecule, plays a critical role in lymphocyte 
homing, cell migration and tumor metastasis. We have previously 
shown that IL4 enhances CD44 expression and hyaluronan (HA) 
binding ability in an Epstein Barr-vinis (EBV) positive Burkitt's 
lymphoma (BL) B cell line, BL30/B95-8, but not in an EBV 
transformed lymphoblastoid B cell line (B-LCL). MK3.31. IL13, a 
cytokine sharing similar functions with IL4, did not influence CD44 
expression or HA binding in cither cell line. To understand the 
molecular mechanism for the differential regulation of CD44 
expression by IL-4 and IL-13. we investigated activation of JAK/ 
ST AT signaling pathways in BL and B-LCL cell lines. JAK-1, JAK- 
3 and STAT-6 were pliospliorylatcd in response to IL-4 in both cell 
lines suggesting that the JAK/STAT signalling pathway alone may 
nol account for the differential CD44 expression. In contrast, EL 13 
failed to induce the phosphorylation of JAK1, JAK2, JAK3. Tyk2 
and STAT-6 proteins in BL30/B95-8 cells, indicating possible loss of 
receptor expression or function. Studies on a panel of BL cell lines by 
RT-PCR analysis revealed loss of expression of IL-13 receptor 
subunits (xl and <x2 in all the BL cell lines examined. In addition, we 
have investigated the role of EGR-1, the transcription factor 
implicated in B cell activation, in the regulation of CD44 expression. 
The results show thai PMA induces phosphorylation of EGR-1 in 
BL.WB95-8 and MK3.31 cells. However. DNA binding ability as 
determined by the gel mobility slüft assay was induced in BL30/B95- 
X cells but not in MK3.31 cells. While loss of IL13 receptor explains 
the inability of BL30/B95-8 cells to respond to ILl.t, the results 
suggest a role for EGR-1 in the regulation of CD44 expression in 
BL30/B95-8 and MK3.31 cells. 

CD40L INDUCES MMP-9 BUT NOT TIMP-1 IN CERVICAL 
CARCINOMA CELLS 
Si^run Hess. Roll" Schnitzler, Dirk Hadaschik, Hans Smola. Cornelia 
Mauch, Thomas Krieg and Herbert Pfister. Institute of Virology, 
University of Cologne, Fürst-Pücklcr-Str. 56, 50935 Cologne, 
Germany 

Matrix-melalloprotcinascs ( MMPs) are essential for tumor cell 

invasion and metastasis. Production of proMMPs is regulated on 
Iranscriptional level, while activation of the pro-enzymes is tightly 

controlled by proteolylic cleavage and enzyme activity is blocked by 

specific tissue inhibitors of MMPs (TIMPs). We show that activation 

of CD40, a receptor highly upregulated on cervical carcinomas, 
strongly induces MMP-9 in these cells, while having no effect on 
TIMP-1 production, the complementary inhibitor of MMP-9 aciivity. 

Transcription factors like NF-KB, AP-1 and STAT are potential 
targets of CD40 signaling, NF-KB and AP-1 being involved in MMP- 

9 regulation, whereas AP-I and STAT3 are supposed lo regulate the 
TIMP-1 promoter. Both, NF-KB and AP-I, were activated by CD40L 

in cervical carcinoma cells. Induction of MMP-9 was largely 
suppressed by antioxidants and inhibitors of NF-KB activity, while 
rclinoic acid suppressing AP-I activity had only little effect. These 

data indicated an important role of NF-KB. In fact, transient 

expression of the CD4()-indticible NF-KB subunit p65 was sufficient 

lor MMP-9 induction. In contrast, CD40 did not activate STAT 3 and 
failed lo stimulate TIMP-1 production. Our data suggest that CD40- 
mcdialcd signaling in cervical carcinoma cells shifts the balance 

between MMP-9 and TIMP-1 towards protcolytic activity and may 
thereby enhance the invasive potential of the tumor. 

ANTI-INFLAMMATORY CYTOKINE ANTIBODIES ARE 
DIFFERENTLY AFFECT MMP-9 SECRETION BY SKOV-3 
CELLS. M. Huleihel, B. Piura, A. Rabinovich, M. Wolfson, G. 
Holcbeig, M. Mazor. Ben-Gurion University of the Negev, 
Beer-Sheva, Israel. 

The invasion and spread of metastasizing tumors is known to be 
mediated partly by the action of matrix metalloproteinase (MMP) 
family. In the present study we have examined the effect of 
anti-inflammatory cytokines on the capacity of ovarian cell line 
(SKOV-3) to secrete MMP-9. SKOV-3 cells were cultured overnight 
in 0.1% FCS -containing media. In the next day SKOV-3 cell 
cultures were washed and 5% FCS-cntaining media or serum free 
media were added to the cultures in the presence or absence of 
anti-IL-la, anti-lL-lß, anti-lL-6 or ant-TNF-a antibodies for 6-72 
hours. Our results showed that SKOV-3 cells produce MMP-9 
constitutively and addition of FCS to the cultures increased their 
capacity to secrete MMP-9, and maximal levels were detected 24 
hours.after the incubation Addition of anti-IL-la or anti-IL-lß to 
SKOV cell cultures which grew in serum free media increased their 
capacity to secrete MMP-9 only in the first 6 hours ot incubation. 
However, addition of anti-IL-6 or anti-TNF-a to these cultures 
decreased their capacity to secrete MMP-9. On the other hand, 
SKOV cells which cultured in 5% FCS containing media showed 
decrease in the secreted MMP-9 levels 72 hours after incubation. 
Addition of anti-IL-la or anti-IL-lß to these cultures increased their 
capacity to secrete MMP-9 only after 72 hour of incubation. 
However, addition of anti-IL-6 or anti-TNF-a decreased their 
capacity to secrete MMP-9 in the first 24 hours and increased their 
capacity to secrete MMP-9 after 72 hours of incubation. 
In conclusion, our results may suggest the involvement of factors in 
the serum and cytokines in the regulation of MMP-9 secretion by 
SKOV-3 cells. Thus, cytokines may be involved in regulation the 
metastatic capacity of this tumor cell line. 
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EFFECT OF ANTI-INFLAMMATORY CYTOKJNE 
ANTIBODIES IN THE SECRETION OF 1L-Iß AND IL-6 BY 
SKOV-3 CELLS. M. Huleihel, B. Piura, A. Rabinovich, M. 
Wolfson, G. Holcberg, M. Mazor. Ben-Gurion University of the 
Negev, Beer-Sheva, Israel. 

Cytokines such as IL-1, IL-6 and TNF-a may control the local 
growth and tumorigenicity of cancerous cells through 
autocrine/paracrine effects or as angiogenesis-promoting factors. In 
the present study we have examined the effect of anti-inflammatory 
cytokines on the capacity of ovarian cell line (SKOV-3) to secrete 
IL-lß or IL-6. SKOV-3 cells were cultured overnight in 0.1% FCS - 
containing media. In the next day SKOV-3 cell cultures were washed 
and 5% FCS-containing media or serum-free media were added to 
the cultures in the presence or absence of anti-IL-la, anti-lL-lß, 
anti-IL-6 or ant-TNF-a antibodies for 6-72 hours. Our results show 
that SKOV-3 cells produce IL-lß and IL-6 constitutively and 
addition of FCS to these cultures increased this capacity. Addition of 
anti-IL-la or anti-IL-6 antibodies to SKOV cell cultures, which grew 
in serum-free media or in 5% FCS-containing media, did not affect 
their capacity to secrete IL-lß. However, addition of anti-TNF-a 
antibodies to these cultures increased their capacity to secrete IL-lß. 
On the other hand, addition of anti-IL-la oranti-lL-lß antibodies to 
SKOV cell cultures, which grew in 5 % FCS-containing media, did 
not affect their capacity to secrete IL-6. However, addition of 
anti-TNF-a antibodies to these cultures increased their capacity to 
secrete IL-6. On the other hand, addition of anti-iL-lß or anti-TNF-a 
antibodies to SKOV ceil cultures, which grew in serum-free media, 
did not affect their capacity to secrete IL-6, but addition of 
anti-IL-la antibodies decreased their capacity to secrete IL-6 after 72 
hours of incubation. Our results may suggest the involvement of 
different regulatory factors, with paracrine/autocrine effects, on the 
capacity of SKOVE cells to secrete cytokines. These results should 
be considered in future immunotherarjv strategies. 

10 
URINARY CYTOKINE LEVELS IN CANCER 
PATIENTS UNDERGOING RADIOTHERAPY. RM 
TOHNKE. JM Edwards, CJ Kovacs, BM Daly, MJ Evans, 
TK Lee, UL Karlsson, H Arastu, K Christie, MR Salehpour. 
East Carolina University, Greenville, NC 27858. 

It has been hypothesized that a disregulation of the 
body's normal cytokine homeostasis may be responsible 
for the development of the late complications sometimes 
associated with radiotherapy (xRT). In order to test this 
hypothesis, we initiated studies investigating the expression 
of proinflammatory (TNF-a, IL-6, IL-a & IL-ß) and 
profibrotic (TGF-ß) cytokines in the urine of prostate 
cancer patients undergoing fractionated, pelvic xRT. 
Patients studied (n=20) were selected on the basis of the 
requirements established for RTOG protocols 94-08 & 
94-13. Urine samples were collected from patients prior to 
xRT, weekly during xRT, and at follow up visits and 
analyzed for cytokine content using ELISA procedures. 
The results obtained demonstrated that urinary TGF-ß was 
readily detectable in all patients, and its levels underwent 
two distinct waves of elevation during the course of xRT in 
over half (12) the patients studied. Detectable levels of 
IL-1 a & IL-1 ß were also found in almost all patients, and 
7 patients showed a pronounced peak in IL-1 a during 
xRT. Most patients demonstrated no significant 
fluctuation in IL-lß levels, however. Additionally, 10 
patients had detectable IL-6 levels in their urine, of which 
6 patients demonstrated significant IL-6 fluctuations 
during xRT. In contrast, levels of urinary TNF-a were 
below detectable limits in all patients throughout the time 
course of this study. Supported by Grant # CA75948 
from NIH. 
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CYCLIC ENHANCEMENT OF PLASMA CYTOKINES 
ASSOCIATED WITH THE INFLAMMATORY 
RESPONSE IN PROSTATE PATIENTS RECEIVING 
PELVIC IRRADIATION (XRT1.C.J. Kovacs. B.M. Daly, 
M.J. Evans, and R.M. Johnke.  East Carolina University 
School of Medicine, Greenville, NC 27858 

While the gastrointestinal response to xRT is traditionally 
viewed as a depletion of potentially mitotic cells, increas- 
ing evidence suggests that cytokines constitute a humoral 
component of the radiation response resulting in acute 
periods of inflammation followed by the late develop- 
ment of fibrosis.  In order to determine whether plasma 
cytokines have prognostic value for these normal tissue 
reactions, inflammatory (IL-la/ß; TNFa/ß; IL-6; and 
M/GM-CSF) and fibrotic (TGFß) cytokines were mea- 
sured in the plasma of patients (n=30) receiving a course 
of pelvic + prostate boost xRT for prostate cancer. 
Characteristic of a majority (25/30)of the patients were 
two cycles of enhanced plasma levels of IL-1 a, M-CSF 
and IL-6, separated by a wave of elevated TGFß. The 
magnitude of the cytokine waves of IL-la, M-CSF, and 
IL-6 within individual patients ranged from 175-411%, 
146-321%, and 142-286% of pretreatment values, re- 
spectively, while the TGFß values ranged from 195- 
360% of pretreatment values.  A significant (p< 0.05) 
correlation existed between the temporal appearance of 
these enhanced cytokine waves and the integral xRTdose 
(ID).  IL-la, M-CSF and IL-6 were elevated after IDs of 
- 9 Gy and - 43. 2 Gy, respectively, In several patients 
(n=3), a second wave of TGFß was first observed during 
the xRT boost and was maintained for months during the 
followup to the completion of xRT.  Corresponding 
clinical response data for these patients will be presented. 
Supported by Grant CA75948 from NIH, DHHS. 

MULTIPLE MYELOMA: AN OVERVIEW RE- 
GARDING RESULTS OBTAINED BY THE USE OF 
INTERFERON ALPHA. V.M. LAUTA. Department 
of Biomedical Sciences and Human Oncology - Section 
of Internal Medicine and Clinical Oncology, University 
of Sari, Medical School: Italy. 

The effectiveness of the interferon in clinical trials in- 
cluding multiple myeloma patients has its source in a 
large number of in vivo and in vitro studies wich use 
either myeloma cell lines or bone marrow plasma cells. 
Clinical trials conducted on IFN in multiple myeloma 
can be divided into three categories: a) previously un- 
treated patient; trials of IFN alone and IFN plus CT; b) 
patients in relapse or refractory to previous treatment; 
trials of IFN alone and IFN plus CT; c) patients re- 
sponding to conventional chemoterapy; randomized 
studies of IFN as maintenance therapy. The treatment 
of IFN alone as induction therapy in untreated patients 
is not usefull because the response rate obtained is 
lower than in chemotherapy treated patients. There is 
not a homogeneity of results on the use of combined 
chemotherapy plus interferon versus chemotherapy or 
interferon used either as single agent or in combination 
with chemotherapy. Results of prospective randomized 
studies suggest that interferon may be usefull as main- 
tenance therapy in patients achieving a "minimal disea- 
se" with standard chemotherapy. 
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CONTRASTING ANTI-TUMOR ACTIVITY OF IL-1 ALPHA AND 
IL-1 BETA IN CYTOKINE-GENE-TRANSFER APPROACHES . 
X. Song, E. Voronov, T. Dvorkin, E. Fima, A. Werman, R.M. 
White, D. Benharroch, Y. Shendler, 1O.Bjorkdahl, 1A. Gjorloff 
Wingren, 1M. Dohlsten,,2R. Reich, S. Segal, R. Apte*. Ben- 
Gurion University , Beer-Sheva Israel, 2University "of Lund, 
Sweden and Hebrew University, Jerusalem, Israel 

IL-1 consists of a family of two proteins, namely IL-1 a and IL-1 ß, 
which overlap in their biological activities, in their recombinant 
form, and bind to the same receptors. Their differential 
localization- in the producing cell that may determine their 
physiological functions; IL-1 a is active as a cytosolic precursor 
and as a membrane-associated form, whereas IL-1 ß is active 
only as a secreted product. Previously, we have shown the anti- 
tumor and therapeutic potential of fibrosarcomas transfected 
with the precursor of IL-1 a. In this study the same violent 
fibrosarcomas were transfected with IL-1 ß-encoding cDNA 
constructs; the mature form of IL-1 ß and the mature form of IL- 
1ß linked to a signal peptide to allow active secretion through 
the ER-Golgi pathway. To our surprise, IL-1 ß did not lose their 
tumorigenicity and were even more malignant than the violent 
parental tumor cells. This is in contrast to the IL-1 a 
transfectants, derived from the same parental fibrosarcoma cells 
which completely.regress. This marked differences in the 
tumorigenicity of IL-1a versus IL-1 ß transfectants stem form 
differences in the immunogenicity of the IL-1 expressing cells; 
lumor cell-associated IL-1 a is a strong adjuvant, whereas IL-1 ß 
expression by the malignant cells does not affect their low 
immunogenicity. In addition, tumor cell-associated IL-1 a and 
IL-1 ß differentially affected molecules that are involved in tumor 
progression. Thus, IL-1 a expression in the fibrosarcoma cells 
down-regulated metalloproteinase (MMP)-9 and MMP-2 
expression, whereas in IL-1 ß transfectants these genes were 
unregulated, as compared to the violent cells. The complex 
effects of IL-1 a and IL-1 ß on the tumor cells and the tumor 
microenvironment are being elucidated in our lab. 

DEFINING A ROLE FOR INTERFERON-y IN TUMOR 
IMMUNITY AND AUTOIMMUNITY RESULTING FROM 
DNA IMMUNIZATION. J.D. WOLCHOK, R. Srinivasan, 
W.B. Bowne, J.J. Lewis and A.N. Houghton. Memorial Sloan- 
Kett;ring Cancer Center, NY, NY 10021 

Xenogeneic DNA immunization with melanosomal 
differentiation antigens is an effective means of generating both 
tumor immunity and autoimmune depigmentation. We have 
previously shown that immunization of mice with human 
tyrosinase-related protein-2 (hTRP-2) leads to protection from 
syngeneic tumor challenge and treatment of established aimor 
as well as autoimmune depigmentation via a mechanism 
requiring both CD4+ and CD8+ T-cells. Based on the above 
data implicating a Th-1 response, we investigated the 
importance of IFN-y in tumor immunity and autoimmunity by 
immunizing IFN-y knockout (IFNy''') mice by gene gun with 
hTRP-2 DNA. No protection from syngeneic tumor challenge 
with B16 melanoma was observed in IFNy"'" animals, in 
comparison to wild type mice and IL4" mice where >80% 
protection has been routinely found. Interestingly, the number 
of lung metastases present in untreated IFNy" mice was at least 
50% greater than in untreated wild type mice, reinforcing the 
importance of IFN-y in endogenous tumor surveillance 
mechanisms. Rapid and extensive autoimmune depigmentation 
of coat occurred in wild type and IL4"'" mice, whereas relatively 
little depigmentation was seen in the IFNy"'" animals. Injection 
of IFN-y protein following the completion of immunization did 
not restore tumor immunity or autoimmunity, suggesting that 
IFN-y is necessary during the immunization phase. 

15 
TNF AND PDGF INDUCE CHANGES IN ACCESSIBILITY 
AND ASSEMBLY OF THE MCP-1 PROMOTER. 
G. H. Boekhoudt. D. Ping, and J. M. Boss, Emory Univ., Atlanta, 
GA 30322. 

The murine monocyte chemoattractant protein-1 (MCP-1) is 
transcriptionally regulated by a variety of cytokines such as tumor 
necrosis factor (TNF), platelet-derived growth factor-a (PDGF- 
BB), and interferon-y. Proper regulation of MCP-1 is important 
for normal inflammatory responses. Induction of MCP-1 by TNF 
requires two regions, a proximal and a distal regulatory region, 
which are separated by 2.3 kb of DNA. Both regions are 
unoccupied prior to the expression of the gene. Using a novel Spl 
mutant cell line, data are presented that show that Spl is required 
for expression and that Sp3, which can bind to the site can provide 
a partial level of activity. We also show that the Spl binding site 
is required for PDGF induction and that treatment of cells with 
trans-retinoic acid, which partially inhibits PDGF induction of 
MCP-1, functions by blocking the binding of Spl to its site in 
vivo. The distal region requires two NF-KB binding sites, both 
of which are required for TNF but not PDGF induction. TNF 
induction also requires the Spl site in the proximal region; 
however, unlike PDGF, retinoic acid does not inhibit TNF- 
induced expression or accessibility of factors to the DNA. 
These results were suggestive of the requirement for a 
coactivator for function. To determine if the CBP/p300 
coactivator complex was required, experiments were 
performed with mutant and wild-type forms of E1A, a viral 
protein known to block CBP/p300 function. These results 
show a clear requirement for coactivator function and 
suggest that the assembly of factors and the activation of 
transcription of MCP-1 requires multiple steps including 
chromatin accessibility, factor assembly, and coactivation 
of transcription. 

16 
ANALYSIS OF CCR4 KNOCKOUT MICE IN 
MURINE MODELS OF INFLAMMATION. 
Y. CHVATCHKO, A.J. Hoogewerf, A.Meyer, 
S. ALOUANI, P. Juillard, R. Buser, 
F. Conquet, A.E.I. Proudfoot, T.N.C. 
Wells and C.A. Power. Serono 
Pharmaceutical Research Institute. 
1228 Plan-les-Ouates, Geneva, 
Switzerland. 

CCR4, a high affinity receptor for the 
CC chemokines TARC and MDC, is 
expressed in thymus and spleen, and 
also by peripheral blood T cells 
(predominantly Th2), macrophages, 
platelets and basophils. To study 
the in vivo role of CCR4, we have 
generated CCR4-deficient mice 
(CCR4-/-) by gene targeting. 
CCR4-/- mice developed normally and 
no microscopic changes were evident 
in the thymus or spleen. The role 
of CCR4 in T cell differentiation as 
well as in allergic airway inflammation 
was analysed using the CCR4-/- mice. 
Our study demonstrated unexpected 
results for a role of CCR4 in 
Th2-mediated lung inflammation as 
well as in innate immunity. 



916 / Abstracts 

17 18 

CCR8 Expressed by Monocytes or Monocyte Derived 
Dendritic Cells is a receptor for 1309, TARC and LEC 
Hui Fang Dong'*, Jeff Subleski2, Susan StrobP, 
Aiko-Konno Shirakawa3, Edward L. Nelson^, Joost 
J. Oppenheim^. O.M. Zack Howard'* 
URSP, 2CSP SAIC Frederick, 'Laboratory of Molecular 
Immunoregulation, National Cancer Institute-Frederick Cancer 
Research and Development Center, Frederick, MD 21702 
'Supported by NCI Contract No NO1-CO-56000 

Earlier studies of lymphoid cells observed that 
vitally encoded chemokines and 1309, but not TARC 
were high affinity ligands for CCR8  In this study we 
investigated the ligands using CCR8 in primary myeloid 
cells and CCRS/HEK transfectants. We observed that 
human monocytes and immature monocyte derived 
dendritic cells (DCs) express CCR8, but not CCR4 and 
migrate in response to TARC, 1309 and LEC. 
Competitive binding studies using monocytes or 
CCR8/HEK cells showed the affinity order to be 
I309=TARC > LEC.   LEC induced maximum migration 
of primary myeloid cells and CCR8/HEK transfectants at 
83 nM and CCR8/HEK-293 cell adhesion at 10.4 nM. 
The molar concentration of LEC required to induce 
maximum cell migration was 200 fold greater than that 
for 1309, but cell adhesion was induced by equal 
concentrations of both chemokines, suggesting that LEC 
may be a more effective inducer of cell adhesion than 
cell migration.  TARC induced maximum migration at 
12.5 nM. Thus, capacity of CCR8 to interact with 
certain ligands appears to be cell type dependent. 
Furthermore, TARC and LEC as well as 1309 participate 
in CCR8 mediated trafficking of monocyte and DCs. 

TGFßl SELECTIVELY UP-REGULATES CCR1 
EXPRESSION IN PRIMARY MURINE ASTROCYTES 
Han Y.. Wang J., Zhou Z-H, Ransohoff RM.. Dept. 
of Neuroscience, The Lerner Research Institute, 
Cleveland Clinic Foundation, Clevelan, OH 44195 
Chemokine receptors dictate the cellular 
responses to chemokines on target cells. 
Therefore, the regulation of expression of 
chemokine receptors is likely a crucial point 
for the regulation of chemokine action. TGFß 
has potent effects on the proliferation, 
function, or survival of both neurons and glia 
and is involved in pathogenesis of some CNS 
disorders. The purpose of this study is to 
investigate the capability of TGFßl to regulate 
chemokine receptor expression in primary 
murine astrocytes using RNAse protection, 
immunofluorescence flow cytometry and cell 
migration assays. Our results demonstrate that 
expression of CCR1 by primary mouse astrocytes 
is increased after TGFßl stimulation. TGFß 1 
increased CCR1 mRNA accumulation and CCR1 
protein expression and augmented chemotactic 
responses to a physiological ligand, MlP-la. 
Further, we provide evidence that TGFß1 - 
induced CCR1 mRNA accumulation occurs at the 
transcriptional level and is cell-type specific. 
This is the first evidence that TGFß 1 may 
modulate central nervous system inflammation 
in part by affecting chemokine receptor 
expression   on   astrocytes. 
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FRACTALKINE AND CX3CR1 mRNA EXPRESSION IN 
ISCHEMIC BRAIN INJURY AND EFFECT OF 
FRACTALKINE ON RELEASE OF PROINFLAMMATORY 
CYTOKINES BY MICROGLIA. R. HILLENBRAND, C. 
Wiessner, D.Skifter, S.Frentzel, and A.K. Mir, Novartis 
Pharma Ltd., Nervous System Research, Bid. WSJ-386.356, 
CH- 4002 Basel. 

To characterize the putative involvement of fractalkine and 
its receptor in brain inflammation, the mRNA expression and 
the effect of fractalkine on the release of proinflammatory 
cytokines by microglia was analyzed. Quantitative Northern 
blot analysis revealed, that the expression of fractalkine and 
CXjCRl was increased in the lesioned hemisphere after 
transient middle cerebral artery (MCA) occlusion in mice. 
While fractalkine message was significantly increased at 1 and 
6 h after lesion, CX3CRI levels were significantly increased 3- 
14 days after the lesion. A slight increase of CX3CRI message 
in the non-lesioned hemisphere was also observed. In contrast 
to transient ischemia, no increased levels of fractalkine and 
CX3CRI were detectable after permanent MCA occlusion. 
Exposure of rat primary microglia to fractalkine results in a 
dose-dependent (10-300 nM) release of TNFa, Il-lß, and IL-6. 
Fractalkine-induced cytokine release was not inhibited by 
vMIP-II, rather tended to be increased, while Ca2*-mobilization 
in rat CX3CRI-transfected cells was effectively inhibited. 
Exposure of microglia to MlP-la and MCP-1 (1-100 nM) did 
not result in release of cytokines. These data indicate that 
fractalkine and CX3CR1 are upregulated in a model of transient 
ischemic brain injury. Moreover, fractalkine induces release of 
proinflammatory cytokines from microglia, the exact 
mechanism of which remains to be elucidated. Fractalkine may 
play an important role in the pathophysiology of brain 
inflammation. 

Total Chemical Synthesis of 
Fluorescently-labeled Chemokines 

Christie L. Hunter 
Gryphon Sciences, 250 East Grand Ave, Suite 90, South 
San Francisco, CA 94080 

Chemical protein synthesis is a powerful tool that 
enables the site-specific labeling of proteins with a 
variety of biophysical probes. Peptide segments are 
synthesized by highly optimized chemistry, specific 
residues are selectively de-protected and labeled. Labeled 
peptides are then combined to form a full-length 
polypeptide via native chemical ligation. Once folded, 
these proteins are invaluable reagents for biophysical 
measurements where precise labeling is required. The 
study of protein-protein interactions by fluorescence 
resonance energy transfer and fluorescence anisotropy is 
greatly facilitated with these well defined labeled 
proteins. We have applied this labeling strategy to the 
synthesis of fluorescent and luminescent chemokines and 
other larger proteins. 
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DIFFERENCES IN RECEPTOR BINDING AND SIGNALING-TRANSDUCING 
PROPERTIES OF IP-10, MIG AND I-TAC REVEALED THROUGH THE 
CHARACTERIZATION OF AMINO-TERMINAL TRUNCATION MUTANTS 
OF CXCR3 G KOCH. J. Di Salvo, Y. Weng, S. Gould and J.DcMartino Merck 
Research Labs, Dept. Molecular Pharmacology/Immunology & Rheumatology, 
Rahway, NJ 07065 

IP-10, MIG and I-TAC are three structurally related CXC chemokines bind to 
and activate CXCR3, a receptor implicated in the preferential recruitment of 
activated T-cells to sites of inflammation. The elaboration of CXCR3 chemokines 
by diverse cell types such as kcratinocytes, astrocytes and monocytcs is interfcron 
y~ inducible, but the level of IP-10 protein can also selectively and differentially 
be upregulatcd by other inflammatory stimuli like bacterial lipopolysaccharide. The 
selective production of IP-10 in some in vivo host defense situations suggests that 
this ligand may have unique binding or signaling properties at CXCR3 not shared 
with MIG and I-TAC. In an effort to dissect out potential differences in binding 
interactions between CXCR3 and its various ligands, we generated, expressed and 
characterized three mutant CXCR3 receptors (A15, A29, A37), each with 
incrementally longer truncations in the receptor's amino terminus. We found that 
whereas the binding affinity of IP-10 for these N-termina! truncation mutants was 
virtually identical to its affinity for the full length receptor, progressive removal of 
residues in the amino terminus of CXCR3 resulted in progressive and ultimately 
profound losses in binding affinity for both MIG and 1-TAC. We also found that 
whereas in transfectcd RBL cells the AI5 receptor mutant was equivalently 
competent to the wild type receptor in its ability to mobilize calcium in response to 
the different CXCR3 ligands, the A37 or A29 CXCR3 truncations were uniformly 
signal incompetent, unable even to support calcium mobilization mediated by IP-10 
despite the high binding potency it exhibits for these receptors. Therefore residues 
downstream of the amino acid at position 15 in the amino terminus appear to be 
required by the receptor to transduce chemokine- mediated signals. As the A29 and 
A37 truncations eliminated respectively one or both of two potential N-linkcd 
glycosylation sites in the amino terminus of CXCR3, we explored the effects of N- 
glycosylation to chemokine binding and CXCR3 mediated signal transduction by 
characterizing full length receptors where these asparagines were converted to 
alanincs. Collectively the data suggest that covalent modifications to the amino 
terminus of CXCR3 impact differentially on the ability of this promiscuous receptor 
to bind ligands other than IP-10, but globally on its ability to transduce some 
chemokine mediated signals. 

22 
DIFFERENTIAL GLYCOSYLATION OF THE NEUTROPHIL 
CXC-CHEMOKINE RECEPTOR 2: HIGH GLYCOSYLATION IS 
VITAL FOR MAINTAiNANCE OF ITS SURFACE-EXPRESSION 
A.Ludwig. H.-D. Flad, and E. Brandt, FZB, D-23845 Borstel, Ger. 

The chemokine receptor CXCR-2 mediates activation of 
neutrophils by CXC-chemokines such as neutrophil-activating 
peptide 2 (NAP-2). CXCR-2 is a heptahelical G protein-coupled 
receptor containing three sits for potential N-glycosylation. In this 
study we demonstrate intracellular and surface expression of 
differentially glycosylated CXCR-2 in neutrophils by means of 
immunoprecipitation using our monoclonal antibody to CXCR-2 
(mAb Rill 15). Surface-expressed CXCR-2 was analysed following its 
crosslinking to 1251-labeled NAP-2 on intact neutrophils. After 
subsequent immunoprecipitation a single 64 kD receptor-ligand 
complex was identified by electrophoresis and autoradiography. 
Treatment with N-glycosidase F shifted its apparent molecular weight 
to 46 kD, indicating that surface-expressed CXCR-2 carries N-linked 
carbohydrates of 18 kD. To address surface-expressed and 
intracellular CXCR-2 the immunoprecipitated receptor itself was 
visualized using biotinylated mAb RII115. A 56 kD protein, and 
three additional smaller proteins were recognized. Upon treatment 
with N-glycosidase F all precipitated proteins migraxd at 38 kD 
indicating that heterogeneity was due to differential N-glycosylation 
of CXCR-2. However, in contrast to the less glycosylated proteins, 
only the highly glycosylated 56 kD receptor is expressed on the cell 
surface as shown by selective precipitation of surface-expressed 
receptors. When glycosyl residues of surface-expressed CXCR-2 were 
removed by incubating intact cells with N-glycosidase F the receptor 
was downregulated from the cell surface and the cellular response to 
NAP-2 was reduced. Both effects did not occur in the presence of 
PMSF indicating that high glycosylation of surface-expressed CXCR- 
2 is relevant for its resistance to PMSF-sensitive neutrophil proteases. 
Thus by preventing degradation of surface-expressed CXCR-2 its 
high glycosylation may help to maintain neutrophil responsiveness to 
CXC-chemokines in inflammatory lesions. 

23 24 
Expression and Release of Chemokines Associated with 

Apoptotic Cell Death in Human Promonocytic U937 
Cells and Peripheral Blood Mononuclear Cells 
Heiko  Mühl,  Marcel Nold,  Jae-Hyung  Chang,  Stefan  Frank, 
Wolfgang Eberhardt, and Josef Pfeilschifter 
Zentrum der Pharmakologie, Klinikum der Johann Wolfgang 
Goethe-Universität Frankfurt am Main, Theodor-Stern-Kai 7, 
D-60590 Frankfurt am Main, Germany 

To further characterize mechanisms which may determine the 
fate of apoptotic cells, we investigated chemokine expression in 
apoptotic U937 cells or PBMC. Exposure of U937 cells to the 
anti-cancer drug etoposide (VP-16) or the nitric oxide (NO) donor 
DETA-NO, both inducers of apoptosis in these cells, was 
associated with increased expression of the chemokines IL-8 and 
Mll'-lu. Uprcgulalion of IL-8 mRNA expression by VP-16 or 
DETA-NO was observed as early as 4h or 6h respectively, after 
onset of treatment and was still detectable in the viable cell 
fraction after 19h of exposure. In accordance with data obtained 
using U937 cells, we observed that incubation with the 
chemotherapeutic drug 2-chlorodeoxyadenosine (CdA) 
upregulatcd release of IL-8 from adherent PBMC in parallel to 
induction of apoptosis. In these cells a modest but significant 
induction of TNFa release by CdA was also detected. Moreover, 
CdA augmented release of IL-8 from whole blood cultures. By 
facilitating adequate recruitment of phagocytes to sites of cell 
death, stress-induced upregulation of chemokines during cellular 
peitubations associated with apoptosis may contribute to 
mechanisms aiming at efficient removal of apoptotic cells. 

THE LD78ß ISOFORM OF MlP-la IS THE MOST 
POTENT HIV-1 INHIBITING CHEMOKINE AND CCRS 
AGONIST 
Paul Proost, Patricia Menten, Sofie Struyf, Evemie Schutyser, 
Anja Wuyts, Erik De Clercq, Dominique Schols, and Jo Van 
Damme 
Rega Inst., Univ. of Leuven, Minderbroedersstraat 10, B-3000 
Leuven, Belgium 
LD78cc and LD78ß are two highly related non-allelic genes 
which code for different isoforms of the human CC chemokine 
macrophage inflammatory protein-la (MIP-la). LD78a and 
LD78ß proteins only differ in three amino acids. Two natural 
forms of LD78ß (7,778 Da and 7,793 Da) were purified from 
conditioned media of stimulated peripheral blood mononuclear 
cells. The chemotactic potency of the two LD78ß variants was 
100-fold higher on mouse lymphocytes compared to that of 
LD78a. On the contrary, LD78a was only 2-fold less efficient 
than LD78ß in chemotaxis assays on human lymphocytes and 
monocytes. Both molecular forms of LD78ß proved to be much 
more potent than LD78a in inducing an intracellular calcium rise 
through CC chemokine receptor 5 (CCR5). This preferential 
binding of LD78ß, compared to LD78a and RANTES, to CCR5 
resulted in a 10 to 50-fold higher potency in inhibiting infection 
of peripheral blood mononuclear cells by CCR5-using (R5) HIV- 
1 strains. In conclusion, LD78ß is more potent than any other 
chemokine in inhibiting HIV-1 infection and can be considered 
as a potentially important drug candidate for the treatment of 
infection with R5 HIV-1 strains. 
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CHEMOKINES AND THEIR RECEPTORS IN THE 
OVARIAN TUMOUR MICROENVIRONMENT. 
Scotton. C.J.'. Milliken, T.D.A.2 and Balkwill, F.R.1 

'Biological Therapies Laboratory, Imperial Cancer 
Research Fund, 44 Lincoln's Inn Fields, London 
WC2A    3PX. department    of    Obstetrics    & 
Gynaecology, St. Thomas's Hospital, London SEI 
7EH. 

We have studied CC-chemokines and their receptors 
in human ovarian cancer and ascites. mRNA for five 
CC-chemokines (MCP-1, 2, MlP-la, ß, and 
RANTES) was detected in a majority of samples. 
Chemokine protein was found at significant levels in 
ascitic fluid, with MCP-1 present at the highest 
concentration. MCP-1 was also the predominant 
chemokine in the solid tumour, with levels of 
expression correlating with the extent of the CD8+ and 
CD68+ infiltrate. mRNA for the corresponding CC- 
chemokine receptors (CCR1, 2, 3, 4, and 5) was 
strongly expressed by cells in the tumour ascites. 
However CCR1 was the only chemokine receptor 
consistently found in solid tumours, and CCR2b, the 
main receptor for MCP-1, could not be detected. In 
situ hybridisation to CCR1 mRNA localised the 
receptor to infiltrating cells within the tumour. We 
suggest that MCP-1 may attract peripheral blood cells 
to the solid tumour, where the microenvironment 
downregulates CCR2b and other CC-chemokine 
receptors. CCR1 may then be responsible for 
trafficking of infiltrating cells within the tumour. 

QUANTITATION OF MRNA LEVELS FOR CCR2 AND T CELL 
AND MONOCYTE SPECIFIC MARKERS AT SITES OF 
INFLAMMATION. P.P. VICARIO, B.S. Bowser, H.C. Jin, R. Rosa, L. 
Pclcrson, and H. Zwcerink. Merck Research Labs., Department of 
Molecular Pharmacology/Immunology & Rheumatology, Rahway, NJ 
07065 

In order lo follow the migration of lymphoid cells into sites of 
inflammation we used the ABI PRISM 7700 Sequence Detection System 
lo quantify relative mRNA levels for T cell (CD3 and CD25) and 
monocyte/macrophage specific (CD14 and CD68) markers and for the 
chemokine receptor CCR2. The delayed hypersensitivity response (DH) 
was used as a model of inflammation. Mice were sensitized i.v. with sheep 
red blood cells (SRBC) followed 4 days later by SRBC challenge in a 
footpad. Swelling was measured 24 hours later by mercury displacement 
plcthysmography and immediately thereafter foot pads were collected and 
quickly frozen in liquid nitrogen. RNA was extracted, mRNA purified and 
quantitative PCR measurements were carried out. Significant (3-20 fold) 
increases were observed depending on the mRNA species tested. 
Treatment of mice with indomethacin during the 24 hour period of the 
secondary challenge reduced footpad swelling by 70-80% without a 
significant reduction in mRNA levels. These results indicate a recruitment 
of monocytcs and T cells to the site of inflammation in this DH model and 
possibly the up regulation of CCR2. Quantitative PCR analysis offers a 
number of advantages over other approaches such as flow cytometry and 
microscopy to study cell trafficking. It is sensitive, quantitative and allows 
for the relatively rapid analysis of a large number of samples, 
furthermore, tissues from which cells can not be recovered easily can be 
analyzed. 

27 
THE BIOLOGICAL ROLE OFCHEMOKINE RECEPTOR CXCR2 
ON ENDOTHELIAL CELLS. X. J. WANG. D. Z. Wang, Q. Qian, 
and A. Richmond, Vanderbill Univ. Sch. Mcd., Nashville, TN 37232 
and VA Medical Center, Nashville, TN 37212. 

CXCR2 is a scven-transmembrane G protein-coupled receptor that 
mediates signals in response to IL-8, MGSA/GRO and other ELR* 
CXCchcmokines. Several reports indicate that CXCR1 andCXCR2 
are present on cndothclial cells (ECs) within the tumor environment. 
The biological role of CXCR2 in ECs remains to be understood. In 
the present study, we have investigated the expression and functional 
role of CXCR2 in ECs in vitro. Flow cytometry experiments with 
monoclonal antibody against CXCR2 demonstrated no expression of 
CXCR2 on two cultured EC cell lines, ECV304 and HMEC-1. To 
explore the role of CXCR2 in ECs, ECV304 was stably transfected 
with CXCR2 (ECV304/CXCR2). We demonstrate ligand induced 
receptor intcrnalization in EC304/CXCR2. We also show that the 
CXCR2-exprcssing EC304 cells chemotax well and mobilizecalcium 
in response to both IL-8 and MGSA/GRO. Chemotaxis as well as 
calcium flux were blocked by CXCR2 inhibitors, SB225002 and 
Antilcukinate. These data indicate that the CXCR2-transfected EC304 
cell line could serve as an excellent model system to explore receptor 
function and ligand induced CXCR2 mediated signal transduction in 
cndothclial cells. It could also be used to investigate the role of 
CXCR2 in angiogenesis. 

28 
EXPRESSION OF FUNCTIONAL CCR6 IN CYTOKINE- 
ST1MULATED HUMAN NEUTROPH1LS. S. YAMASHIRO, J.-M. 
Wang, W.-H. Gong, D. Yang, H. Kamohara, and T. Yoshimura. 
NCI-FCRDC, Frederick, MD 21702. 

It has been reported that neutrophils can acquire features 
characteristic of antigen-presenting dendritic cells (DC). In the 
present study, we found that cytokine-stimulated human neutrophils 
can be induced to express CCR6, the receptor for liver and 
activation-regulated chemokine (LARC), also known as macrophage 
inflammatory |>rotein-3a. CCR6 mRNA was not detectable in 
freshly isolated neutrophils, whereas CCR6 mRNA was readily 
detectable in neutrophils cultured with cytokine-rich culture 
supernatant of phytohemagglutinin-stimulated peripheral blood 
mononuclear cells. This induction was partially inhibited by 
antibody against either TNF-a or IFN-y. Incubation of neutrophils 
with recombinant TNF-a or IFN-y also induced the expression of 
CCR6 mRNA dose-dependently with the peak at 3 to 6 h after 
stimulation. When neutrophils were incubated with both TNF-a and 
IFN-y, these cytokines synergistically increased the expression of 
CCR6 mRNA. In contrast, GM-CSF did not induce the expression of 
CCR6 mRNA. However, GM-CSF augmented the expression of 
CCR6 mRNA induced by TNF-a and IFN-y. The binding of l25l- 
labeled LARC to stimulated neutrophils could be inhibited by 
unlabeled LARC in a dose-dependent manner. By chemotaxis assay, 
cytokine-stimulated neutrophils also migrated to LARC in a dose- 
dependent manner. These data clearly indicate that neutrophils 
express functional CCR6 upon stimulation with cytokines such as 
TNF-a and IFN-y. Since CCR6 is highly expressed on immature 
DC, CCR6 expression may be one of the phenotypic characteristics 
neutrophils acquire in the process of developing properties of DC. 
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SYNTHETIC PEPTIDES DERIVED FROM 
THE N-TERMINUS OF THE VIRAL 
CHEMOKINE VMIP-II DISPLAY DISTINCT 
INTERACTIONS WITH CXCR4 

N. Zhou, Z. Luo, J. Luo, J. W. Hall, and Z. Huang 
Kimmel Cancer Institute, Jefferson Medical College, 
Thomas Jefferson University, Philadelphia, PA 19107 

The viral Macrophage Inflammatory Protein-II 
(vMIP-II) encoded by Kaposi's sarcoma-associated 
herpesvirus is unique among all known chemokines in 
that vMIP-II shows a broad-spectrum interaction with 
both CC and CXC chemokine receptors including 
CCR5 and CXCR4. To elucidate the mechanism of this 
promiscuous receptor interaction, synthetic peptides 
derived from the N-terminus of vMIP-II were studied. 
A peptide corresponding to residues 1-21 of vMIP-II 
was shown to interact with CXCR4 but not CCR5. 
This peptide selectively prevented CXCR4 signal 
transduction and coreceptor function in mediating the 
entiy of T- and dual-tropic HTV-1 isolates, but not those 
of CCR5. In addition, this peptide strongly induced the 
intemalization of CXCR4. Further studies of this 
peptide and other analogs revealed different sites on 
CXCR4 for binding and intemalization. Such results 
led to a model for the chemokine-receptor interaction. 

30 
L1F AND OSM CONTACT LIF-R VIA THE IG-L1KE 
DOMAIN AND THE MEMBRAN DISTAL CVTOKINE 
BINDING DOMAIN 
AASLAND P.. Oppmann B., Grötzinger J.*, Rose-John S., Kallen 
K.-J. 
I. Med. Klinik, Universität Mainz, *. RWTH Aachen, Germany 

IL-6 type cytokines influence a multitude of biological functions. 1L-6 
signals via a gpl30 homodimer after binding to the IL-6 receptor (IL- 
6R), whereas leukemia inhibitory factor (LIF) and oncostatin M 
(OSM) directly induce a gp!30 and LIF receptor (LIFR) heterodimer. 
The LIFR has two cytokine binding domains (CBD) linked by an Ig- 
like domain (Ig-D), whereas gpl30 lacks the second CBD. 
Chimeras of hu LIFR and hu IL-6R were constructed in which either 
the membrane distal (R AI) or membrane proximal (R All) CBD of 
L.1FR were substituted by the CBD of the IL-6R. In additional 
constructs, the membrane distal (L Al) or the membrane proximal 
domain (L All) of LIFR were completely deleted. 
Upon expression in COS-7 cells only radioactively labeled R All and 
L Al could be immunoprecipitated with sepharose-coupled LIF, 
suggesting that the lg-D of the LIFR is responsible for binding of LIF. 
The constructs were also transfected into Baf/3 cells expressing human 
«pi30. Only transfection with RAH, but not the other constructs, 
yielded proliferating Baf/3 clones and activated membrane complexes 
after stimulation with LIF and OSM. Baf/3-gpl30-RAlI also could be 
stimulated with IL-6 and IC-7, a recently developed chimera of IL-6 
and CNTF that first binds to the 1L-6R, but signals via a gpl30/ 
LIFR heterodimer. Substitution of both CBDs and the lg-D of the 
LIFR by the IL-6R CBD (RAI+11) resulted in Baf/3-gpl30-RAI+II 
clones inducable by IL-6, but not the other cytokines 
Our results suggest that the membrane proximal CBD of LIFR only 
serves as a spacer which brings the membrane distal CBD and the Ig- 
D into the right positon for forming an activated receptor complex. 
The Ig-D of the LIFR appears to be sufficient for LIF-binding, but not 
for mediating LIF-bioactivity. 

FUNCTIONAL EXPRESSION OF FAS L1GAND BY 
HUMAN PANCREATIC CARCINOMAS: A POTENTIAL 
MECHANISM OF TUMOR-INDUCED SUPPRESSION 
OF IMMUNE SURVEILLANCE 
Bellone G„ Smirne C, Carbone A., Tibaudi D., Suman F., 
Rivetti C, Abrate S., Nuschak B„ Emanuelli C, 
Department of Clinical Physiopathology,  University of 
Torino, 10126 Torino, Italy 

CD95 ligand (CD95L/FasL) is a pro-apoptotic protein 
whose extracellular domain can be released from the cell 
surface by proteolytic cleavage. Cell-associated CD95L 
induces apoptotic cell death by engaging its cognate 
receptor (CD95/Fas receptor/Apo-1) on the target cells, 
followed by recruitment and activation of intracellular 
enzymes of the caspase family, which initiate and execute 
the apoptotic process. High levels of CD95L expression 
have been observed in some solid malignancies including 
hepatocellular, colon, and pancreatic carcinomas. Tumor- 
associated CD95L has been considered as part of the 
"counterattack" of tumor cells against immune effector 
cells. In the present study, we investigated the relative 
contribution of secreted CD95L expressed by pancreatic 
carcinoma cells to killing of target T cells in vitro. We 
demonstrated that (1) media conditioned by pancreatic 
carcinoma cells caused apoptosis of Jurkat cells, (2) 
soluble, tumor derived CD95L contributed significantly to 
this effect and, in contrast to Jurkat cells, pancreatic 
carcinoma cells themselves were resistant to induction of 
apoptosis by autocrine, soluble CD95L. Moreover we 
found that progression of pancreatic carcinomas in tumor 
patients is associated with increased serum levels of both, 
soluble forms of CD95L and its receptor, CD95. These 
results suggest that tumor-derived FasL may represent a 
potential mechanism for local and peripheral deletion of 
tumor-reactive T-cell clones. 

31 
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IL-2 RECEPTOR-Y CHAIN (Yc)-DEFICIENT MACROPHAGES 
EXHIBIT DIMINISHED RESPONSES TO IL-4 BUT NOT IL-13. 
R. P. DONNELLY, G. M. Feldman and H. L. Dickensheets, 
FDA, CBER, Bethesda, MD 20892. 

The IL-4Ra chain can heterodimerize with either the IL-2Ry 
chain (YC) to generate type-l IL-4R complexes or with IL-13Ra1 
to generate type-ll IL-4R complexes. IL-4 can signal through 
either type-l or type-ll IL-4R, whereas IL-13 signals exclusively 
through type-ll IL-4R. To determine if macrophages utilize one 
or both types of IL-4R for IL-4-induced signalling, we 
examined the role of Yc in mediating IL-4-induced signal 
transduction in macrophages derived from normal and Yc 
knockout mice. Pretreatment of normal macrophages with 
anti-IL-4Ra antibodies blocked induction of STAT6 activity by 
both IL-4 and IL-13, demonstrating that IL-4Rcc is an essential 
component of both type-l and type-ll IL-4R. In contrast, anti-Yc 

antibodies inhibited activation of STAT6 by IL-4- but not IL-13. 
Analysis of IL-4- and IL-13-induced responses in 
macrophages from control (Y0

+) and Yc knockout mice showed 
that lack of Yc expression results in markedly reduced IL-4 
responsiveness. In contrast, IL-13-induced signalling was 
equivalent in YC

+ and Yc" macrophages. ST AT activation by 
other cytokines, including IFN-y, GM-CSF, and IL-10, was 
similar in Yc+ and Yc" macrophages demonstrating that the 
absence of yc does not globally inhibit signal transduction by 
all cytokines. These findings demonstrate that although 
macrophages express both type-l and type-ll IL-4R, IL-4- 
induced responses are primarily mediated via type-l IL-4R. 
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NATURAL SPLICING OF EXON 2 OF THE HUMAN 
INTERLEUKIN-15 RECEPTOR ALPHA CHAIN mRNA 
RESULTS IN A SHORTENED FORM WITH DISTINCT 
PATTERN OF EXPRESSION. S. DUBOIS, F. 
Magrangeas, P. Lehours, S. Raher, J. Bernard, O. Boisteau, 
S. Leroy, S. Minvielle, A. Godard, Y. Jacques. Unite 
INSERM 463, Institut de Biologie, 9 Quai Moncousu, 
44035 Nantes Cedex 01, France 

We report the existence of 8 different IL-15Ra 
transcripts resulting from exon splicing mechanisms 
within the IL-15Ra gene. Two main classes of transcripts 
can be distinguished which contain or not (A2 isoforms) 
the exon 2 coding sequence. Both classes were expressed 
in numerous cell lines and tissues (including peripheral 
blood lymphocytes) at comparable levels, could be 
transcribed in COS-7 cells and the proteins expressed at 
the cell surface. Both receptor forms displayed numerous 
glycosylation states, reflecting differential usage of a 
single N-glycosy!ation site as well as extensive 0- 
glycosylations. Whereas IL-15Ra bound IL-15 with high 
affinity, A2IL-15Roc was unable to bind IL-15, thus 
revealing the indispensable role of the exon-2 encoded 
domain for cytokine binding. A large proportion of IL- 
15Ra was expressed at the nuclear membrane with some 
intranuclear localization, supporting a potential direct 
action of the IL-15/IL-15RCC complex at the nuclear level. 
In sharp contrast, A2IL-15R<x was only found in the non- 
nuclear membrane compartments, indicating that the 
exon-2 encoded domain (which is shown to contain a 
potential nuclear localization signal) plays an important 
role in receptor post-translational routing. Together, our 
data indicate that exon-2 splicing of human IL-15Ra is a 
natural process which might play regulatory roles at 
different levels. 

DIFFERENCES IN THE ABILITY OF THE p75 AND p55 TNF 
SOLUBLE RECEPTORS TO INHIBIT SPONTANEOUS AND 
TNF-INDUCIBLE IL-8 AND IL-1 RECEPTOR ANTAGONIST 
PRODUCTION IN HUMAN WHOLE BLOOD CULTURES. 
JIFrishman1, CK Edwards, III2 and CA Dinarello1 

'University of Colorado Health Sciences Center, Denver, CO 
.80262 and 2Amgen, Inc., Thousand Oaks, CA 91320 

IL-8 production is primarily under the control of IL-1 and TNF 
and therapeutic successes of IL-1 and TNF blockade in patients 
with rheumatoid arthritis are, in part, likely due to reduction in IL-8 
production. We employed whole human blood cultures from 
healthy volunteers to assess the efficacy of the p75-Fc and truncated 
p55-TNF receptor constructs to inhibit spontaneous and TNFa- 
induced IL-8 and IL-1 receptor antagonist (IL-IRa) production. 
After 6, 24 and 48 hours at 37°C, the whole blood cultures were 
assayed for IL-8 and IL-IRa. At 5 ug/mL, the p75-Fc construct 
induced an unexpected increase (212%, p=0.026) in the spontaneous 
production of IL-8 whereas the p55 construct had no effect. In 
cultures of TNFot-inducible IL-8, the p55 construct exhibited a dose 
dependent inhibition of IL-8 production (84% at 5 u.g/mL). In 
contrast, the p75-Fc construct exhibited a U-shaped dose response 
curve (86% inhibition at 640 ng/mL but only 35% at 5 pg/mL, 
p<.01). A monomeric form of p75 alsc unexpectedly increased 
TNFcx-induced IL-8 (at 2.5 ug/mL 166% increase, p<0.05). TNFa- 
induced IL-IRa production was reduced more significantly by the 

■p75-Fc construct (83%) compared to the p55 molecule (56%, the 
difference in % inhibition p75-Fc vs p55; p<0.01). In contrast to 
these results in whole blood cultures, the p75-Fc construct 
exhibited a straight line dose-response inhibition of TNFa-induced 
IL-8 production from A549 human lung epithelial cell line. Thus, 
ihe human whole blood assay reveals a difference in the ability of 
these two soluble TNF receptor constructs to inhibit natural and 
recombinant TNFa-inducible pro- and anti-inflammatory cytokines 
r.nd may have clinical relevance. 

35 
STUDY OF CYTOKINES BINDING TO HL-60 CELLS 
Navolotskava E.'. Nurieva R1, Zargarova T1, Lepikhova T1, 
Malkova N1, Zav'yalov V2, Lipkin V1 

'Branch of Shemyakin & Ovchinnikov Institute of Bioorganic 
Chemistry Russian Academy of Sciences, Science Avenue, 6, 
Pushchino, Moscow Region, Russia, institute of Engineering 
Immunology, Lyubuchany, Chechov District, Moscow Region, Russia 

Human promyelocytic line HL-60 cells were shown to express 
specific receptors for IFN-a, IFN-ß, IFN-y, IL-lß, IL-la, IL-2, 
IL-6, TNF-a. For each of listed proteins kinetic characteristics 
of binding to HL-60 cell receptors were determined (Kd of l25I- 
labeled ligand/receptor complex and density of the receptors). It 
was found that during the process of HL-60 cell differentiation 
by granulocyte pathway (regardless of what kind of stimulus was 
used) high-affinity binding of [125I]HuIL-lß (IQ = 0,32 nM), 
[125I]HuIFN-y (K, = 0,28 nM) and [125I]HuIL-6 (Kd = 0,075) 
was transformed to a low-affinity one (Kd values for 
differentiated cells were 13,3, 10,0 and 2,1 nM, respectively)- At 
the same time, differentiated HL-60 cells displayed 2,4-fold 
increase in [l25I]HuTNF-a receptors density comparing to non- 
differentiated cells. Thus, while HL-60 cells differentiate by 
granulocyte pathway their sensitivity strongly decreases in the 
case of IL-lß, IFN-y and IL-6 and increases in the case of TNF- 
a. The character of [125I]HuIFN-a, [125I]HuIFN-ß and 
[125I]HuIL-2 binding to HL-60 colls was not altered during the 
differentiation process. On the whole, the results obtained 
together with previously reported findings that IL-lß, IL-6, 
TNF-a and IFN-y expression is elevated in differentiating HL-60 
cells, suggest that these proteins and their receptors participate in 
the process of cell differentiation. 

36 
MANNOSE-6-PHOSPHATE / INSULIN-LIKE GROWTH 
FACTOR-II RECEPTOR MEDIATES INTERNALIZA- 
TION AND DEGRADATION OF LEUKEMIA 
INHIBITORY FACTOR, BUT NOT SIGNAL 
TRANSDUCTION. L. DUPLOMB, F. Blanchard, S. Raher, 
P. Vusio, B. Hoflack, Y. Jacques, Anne Godard. Unite 
INSERM 463, Institut de Biologie, 9 Quai Moncousu, 
44035 Nantes Cedex 01, France 

Leukemia Inhibitory Factor (LIF) is a multifunctional 
cytokine belonging to the Interleukin-6 subfamily of 
cytokines, all of which use the gpl30 subunit for signal 
transduction. The specific receptor for LIF, gpl90, binds 
this cytokine with low affinity and is also required for 
signal transduction. We have recently reported that 
glycosylated LIF produced by transfected Chinese 
Hamster Ovary (CHO) cells also binds to a lectin-like 
receptor, the Mannose-6-Phosphate/Insulin-like Growth 
Factor II receptor (Man-6-P/IGFII-R)[J Biol Chem 273, 
20886]. The present study shows that (i) man-6-P 
containing LIF is naturally produced by a number of 
normal and tumor cell lines; (ii) other cytokines in the 
interleukin-6 family do not bind to Man-6-P/IGFII-R; (iii) 
another unrelated cytokine, (M-CSF) is also able to bind 
Man-6-P/IGFII-R in a man-6-P sensitive manner. No 
functional effects or signal transduction mediated by this 
lectin-like receptor were observed in various biological 
assays after LIF binding, and man-6-P containing LIF was 
as active as non-glycosylated LIF. However, man-6-P 
sensitive LIF binding resulted in rapid internalization and 
degradation of the cytokine on numerous cell lines, 
suggesting that Man-6-P/IGFII-R could be an important 
regulator of LIF metabolism and bioavailability. 



Abstracts 1921 

37 38 
TYROSINE PHOSPHORYLATION AND THE CLEAVAGE 
AND SECRETION OF ANGIOTENSIN-CONVERTING 
ENZYME. I. SEN, R. Sadhukhan, and K.R. Santhamma, 
Cleveland Clinic Foundation, Cleveland, OH 44195. 

In this study, we show that enhancement of tyrosine 
phosphorylation of cells by vanadium compounds, which are 
potent inhibitors of phosphotyrosine phosphatases, induced 
a rapid time- and concentration-dependent increase in the 
cleavage and secretion of angiotensin-converting enzyme 
(ACE). Pervanadate-induced tyrosine phosphorylation and 
proteolysis occur in ACE89 cells, a mouse epithelial cell line 
permanently transfected with the testicular isozyme of ACE 
(ACET) and in primary cultures of rabbit renal proximal 
tubule epithelial cells expressing endogenous pulmonary 
ACE (ACEp). Increased secretion was completely abolished 
by treatment with Compound 3, a hydroxamic acid-based 
inhibitor of a specific class of metalloproteases. We have 
shown previously that phorbol 12-myristate 13-acetate 
(PMA), an activator of protein kinase C (PKC), enhances 
proteolytic cleavage of ACET. Pretreatment of ACE89 cells 
with a specific inhibitor of PKC (bisindolylmaleimide GF 
109203X) completely abolished PMA-induced cleavage and 
secretion of ACET, but had no effect on pervanadate- 
stimulated ACET cleavage, indicating that pervanadate's 
action is independent of the action of PKC. Moreover, unlike 
pervanadate treatment, PMA treatment was not 
accompanied by any significant increase in cellular tyrosine 
phosphorylation. Thus, pervanadate and PMA employ 
different mechanisms to enhance the cleavage and 
secretion of ACE, but both pathways converge to a 
metalloprotease-dependent step. 

SCID-UKE LYMPHOCYTE DECREASE IN SSI- 
1/SOCS-1/JAB TRANSGENIC MICE. Minoru Fuiimoto, 
Tetsuji Naka, Reiko Nakagawa, Akihiro Tateishi, 
Yoshinori Kawazoe, Yoshiaki Morita, Masashi 
Narazaki, Hiromi Fujiwara, Takashi Nagasawa and 
Tadamitsu Kishimoto, Osaka Univ. Medical School, 
OSAKA, 565-0871, JAPAN 

Previous experiments in vitro suggest that STAT- 
induced STAT inhibitor (SSI) -1 functions as a negative 
feedback regulator of cytokines by inhibiting JAKs. 
Being SSI-1 predominantly expressed in lymphoid 
organs, we generated 2 types of SSI-1 transgenic 
mice, lck-SSI-1 and Eu.-SSI-1, which target the 
expression of SSI-1 in T and B cell lineage, 
respectively. Lymphocytes over-expressing SSI-1 
showed reduced response to cytokine stimuli such as 
IFNy, IL-6 and IL-7, suggesting that SSI-1 can inhibit 
cytokine signalings in primary lymphocytes. 
Furthermore, In lck-SSI-1 Tg mice, T cells were 
reduced due to the developmental defect of early 
thymocytes and increased apoptosis of peripheral T 
cells. In Eu.-SSI-1, bone marrow B cells were 
decreased especially at pre-B stage. These 
phenotypes resemble that of mice lacking JAK3 or yc, 
mcdel animals for human SCID, suggesting that SSI-1 
inhibits JAKs also in vivo. Further studies are 
underway to characterize some phenotypic differences 
between SSI-1 Tg mice and those SCID models. 

39 40 
IMMUNOMODULATING PROPERTIES OF THE 
PsaA ANTIGEN OF YERSINIA PESTIS 
V. Abramov. T. Chernovskaya, R. Vasilenko, A. Vasiliev, 
L. Khromykh.V. Zav'yalov. 
Institute of Immunological Engineering. 142380 Lyubuchany, 
Russia. E-mail: abramo01@ssw.alcoa.com 

PsaA protein (pH(> antigen) of Yersiniapestis is a virulence 
factor whose gene, psaA, is positively regulated at the tran- 
scriptional level by low pH. PsaA protein is a novel bacterial 
Fc-receptor with limited species specificity. The protein 
forms immune complexes with IgGl, IgG2 and IgG3, but 
cannot be bound to human IgG4 and rabbit, mouse and sheep 
IgG. We studied immunomodulating activities of recombi- 
nant PsaA protein of Y.pestis. It was established that PsaA 
did not influence the IL-2 synthesis and secretion by mouse 
splenocytes. Suppression of the proliferative activity of IL-2 
took place after addition of PsaA to the culture of ConA- 
induced T-blasts of mouse splenocytes. Mouse and human 
tumour cells demonstrate their sensitivity to PsaA action, 
which is manifested in suppression of the proliferative re- 
sponse. The experiments using mouse tumour cells indicate 
that EL-4, a line of T-cell origin, is the most sensitive one to 
the presence of PsaA. In experiments using human tumour T- 
and B-cell lines, the most sensitive lines to PsaA are CCRF 
(T cell line) and Daudi (B-cell line). PsaA protein signifi- 
cantly increase the level of TNFa mRNA. in HL-60 cells. It 
was shown that PsaA protein causes activation of TNFa 
synthesis in HL 60 cells. These results allow speculating that 
cytotoxicity of PsaA may be mediated via TNFa. 

COMPARATIVE STUDY OF BIOLOGICAL ACTIVITY 
OF HUMAN IL-lß AND CAPSULAR SUBUNIT PROTEIN 
CAF1 OF Y.PESTIS 
T. Chernovskaya. R. Vasilenko, A. Vasiliev, G. Puchkova, 
E. Rudenko, O. Gankovskaya, V. Abramov, V. Zav'yalov 
Institute of Immunological Engineering, Moscow Region, 
Chekhov      District,      Lyubuchany,       142380      Russia. 
E-mail:abramoO l@ssw.alcoa.com 

Previously we identified a statistically significant level of 
similarity between the capsular subunit protein Cafl of 
Y.pestis and IL-la, IL-lß and IL-lra - central cytokines of 
the immune system. To compare immunomodulating proper- 
ties of recombinant Cafl of Y.pestis and human IL-lß, the 
influence of these proteins on proliferation of mouse thymo- 
cytes stimulated by PHA and ConA at submitogenic doses 
(1,0-1,5 ug/ml) was studied. Proteins were purified using 
Pharmacia FPLC system. It was shown that IL-lß and Cafl 
did not contain LPS. CBA line mouse at the age of 10-12 
weeks were used in the experiments. The DNA synthesis 
(proliferation) w?s measured by 3H-thymidine incorporation. 
Capsular subunit protein Cafl was shown to stimulate the 
PHA- and ConA-dependent proliferation of the thymocytes at 
doses of 2,4 ng/ml. The level of cell proliferation in the pres- 
ence of Cafl was 3,5-8 times higher in comparison with the 
conlrol ones. It was shown that the dimeric form of capsular 
protein Cafl of Y. pestis (obtained after boiling of Cafl 
polymer) interacts with IL-lß but not with IL-la or IL-ra. 
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INDUCTION OF ANTI-IL-9 AUTO-ANTIBODIES 
REVEALS A KEY ROLE FOR IL-9 IN INTESTINAL 
PARASITE INFECTIONS. 
Richard M., Renauld J.-C, Grencis R. and Van Snick J. 
Ludwig Institute for Cancer Research, Brussels Branch, 
Belgium, and University of Manchester, U.K. 

The in vivo production of neutralizing anti-IL-9 
antibodies was induced in mice by immunization with 
mouse IL-9 coupled to ovalbumin. Mice developed a long 
lasting anti-IL-9 response with inhibitory titers of 10'3 to 
10s, irrespective of the mouse strains. This treatment 
completely abrogated the elevation of mast cell protease 
MMCP-1 levels as well as eosinophilia consecutive to 
implantation of an IL-9-secreting tumor. We took 
advantage of this model to assess the role of IL-9 during 
infections by parasites such as Trichuris muris, as IL-9 
production has been reported to correlate with resistance 
against this nematode. C57BL/6 mice that are resistant to 
T. muris became susceptible to the infection when they 
were subjected to anti-IL-9 immunization, demonstrating 
that IL-9 plays a critical role in this model. Neutralization 
of IL-9 also inhibited blood eosinophilia induced by the 
parasite but did not affect intestinal mast cell numbers, 
seric MMCP-1 levels nor the anti-parasite antibody 
response. Taken together, our data provide us with a new 
potent strategy to antagonize IL-9 activity in vivo and 
demonstrate that this cytokine plays a major role for 
resistance against T. muris infection. 

THE    CONFORMATIONAL    PROPERTIES 
OF IL-1-LIKE CAPSULAR PROTEIN CAF1 

OF Y.PESTIS AND HUMAN IL-1 ß. 

A    Vasiliev,   V.   Uversky,   T.   Chernovskaya,   A. 
Karlishev, Sh. Maclntyre, V. Abramov, V. Zav'yalov. 

Institute of Immunological Engineering, Russia 142380 
Moscow Region, Chekhov District, Lyubuchany. 
E-mail: abramo01@ssw.alcoa.com 

Structural properties of two homologous proteins 
capsular protein Cafl from Yersinia pestis and human 
interleukin Iß (huIL-lß) were compared, using such 
spectroscopic methods as circular dichroism (CD), 
fluorescence (ANSF) and infrared spectroscopy (FTIR). 
The FTIR spectra reflects the most important finding, 
that these two proteins have very close (almost identi- 
cal) secondary structure. The CD spectrum of huIL- 
lß is typical of the ß-structural proteins, whereas Cafl 
is characterized by very unusual far UV CD spectrum. 
On; more important point should be emphasized, that 
is the structure of Cafl is practically independent of the 
pH. Both near and far UV spectra of this protein do not 
change with the decrease in pH from 7.5 to 2.0. Neither 
huIL-lß, nor Cafl bind ANS. In other words, these 
proteins do not have the appropriate sites for the inter- 
action with hydrophobic fluorescent probe. 

43 44 

EFFECT OF BACTERIOPHAGES ON TNF-oc, IL-6 
AND IFN PRODUCTION BY HUMAN PERIPHERAL 
BLOOD CELLS ( PBC ). B. WEBER-DABROWSKA, 
A.Czarny, M. Mulczyk, Inst. of Immunology and 
Experimental Therapy Polish Academy of Science, R. 
Weigla 12, 53-114 Wroclaw, Poland. 

The role of bacteriophages in stimulation of 
cytokines has not been investigated. The aim of this 
strfy was to examine „in vitro" ability of 
Staphylococcus, Escherichia and Pseudomonas phages 
to induce release of TNF-a, IL-6 and IFN by PBC of 
healthy volunteers. Human whole-blood cultures were 
incubated 20 h with suspension of bacteriophages and 
purified one. Supernatants were assayed for TNF-a, IL- 
6 and IFN. The measurement of cytokines activity was 
performed using bioassays. We showed that levels of 
TNF-a. IL-6 and IFN (-10 U/ ml) were low after 
stimulation of blood cells by purified phages. The 
lysates of bacteriophages induced a little higher (-20 
U/ml) release of these cytokines. In summary, we 
demonstrated that phages induced weak immunological 
response apart from bactericidal properties. 

INFLUENCE OF PSEUDOMONAS AERUGINOSA 
EXOPOLISACCHADYD ON RELEASE OF IL-6 AND IL-10 
BY HUMAN PERIPHERAL BLOOD-CELLS (PBC). 
A.Czarny, A.Markiewicz, M. Kocieba, A.Gamian, B.WEBER- 
DABROWSKA. Institute of Immunology and Experimental 
Therapy, Polish Academy of Science, Weigla 12, 53-114 
Wroclaw, Poland. 

Pseudomonas aeruginosa is one of important 
pathogens for compromised hospitalized patients. This 
microorganism produces an exopolisaccharide mucoid 
substance (alginate). The aim of this study was to examine „in 
vitro" ability of alginate antigen Pseudomonas aeruginosa to 
induce release of IL-6 and IL-10 from PBC of human. The 
whole-blood cultures were incubated 20h (37°C, 5% C02) 
with 50ug, 100u.g and 200pg of exopolisaccharide 
Pseudomonas aeruginosa. The measurement of IL-6 activity 
was performed using bioassays. The level of IL-10 was 
determined by immunoenzymatic test. The extracellular 
antigen induced synthesis of IL-6 by PBC. The highest levels 
were detected by using doses of 100|ig and 200ug of crude 
extract. The synthesis of IL-10 by PBC after induction of 
exopolisaccharide antigen was depended on doses. The low 
spontaneous production of IL-10 by blood cells cultures was 
elevated significantly (5 or 6 times) afier stimulation of 
antigen. The level of IL-10 varied inversely as dose of antigen. 
The lowest activity of IL-10 was observed after stimulation of 
cells by 200ug/ml of antigen. 
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CD40-CD40L INTERACTIONS MODULATE DEFENSE 
AGAINST DISSEMINATED CANDIDIASIS THROUGH 
ENDOGENOUS TNF 
M.G. Nclca. J. W.M. Van der Meer, and B.J. Kullbcrg. Dcpt. 
Medicine, Univ. Hosp. Nijmegen, 6500 HB Nijmcgcii. The 
Netherlands 

CD40/CD40L are members of the tumor necrosis factor 
(TNF)ATNF-rcccplor family of molecules. Their interaction 
modulates synthesis of TNF and intcrlcukin-1 (IL-I). cytokiucs 
important for the defense against Candida albicans. Infection with 
5x10s CFU C. albicans resulted in a significantly higher mortality 
in CD40L knock-out (CD40L-/-) mice (88%) than in control 
CD40L+/+ mice (22%, p<0.05). While the outgrowth of the 
microorganisms in the kidneys of CD40L-/- and CD40L+/+ mice 
did not differ significantly on day 8 (4.7 + 0.5 vs. 5.3 + 0.3 log 
CFU/g, p>0.05). there was a significantly increased yeast load in 
the kidneys ofCD40L-/- mice on day 15 of infection (7.2 + 0.7 vs. 
5.7 + O.o'log CFU/g. p<0.05). The peak TNF plasma 
concentrations were measured on day 3 of infection, when plasma 
TNF levels were significantly lower in the CD40L-/- mice 
compared with control CD40L+/+ (40 + 12 vs. 92 + 23 pg/ml. 
p<0.05). Plasma concentrations of IL-l<x and IL-lß were below 
detection limit in all samples. An increased susceptibility to 
disseminated candidiasis was also observed when wild-type mice 
were treated with blocking antibodies against CD40L. In 
conclusion, lack of CD40-CD40L interactions results in increased 
susceptibility to disseminated infection with C. albicans. Because 
endogenous TNF is instrumental for the defense against Candida, 
and CD40L-/- mice responded with lower production of this 
cytokinc. the observed effects were probably mediated through 
inadequate production of endogenous TNF. 

NEUTRALIZATION OF 1NTERLEUKIN-18 REDUCES 
NEUTROPHIL TISSUE ACCUMULATION AND PROTECTS 
AGAINST LETHAL ENDOTOXEM1A 
M.G. Nctca. G. Fantuzzi. B.J. Kullbcrg. R.J.L Sluyt. E.J. Pulido, 
J.W.M. Van der Meer, and CA. Dinarcllo. Div. Infect. Dis. Univ. 
Colorado Hlth. Sei. Or.. CO 80262. and Dcpt. Medicine. Univ. 
Hosp. Nijmegen. 6500 HB Nijmegen. The Netherlands 

lnlerlcukin-18 (IL-I8) main function is to induce IFNy synthesis in 
the context of co-stimulation with microbial products or 1L-I2. In 
addition. 1L-18 has direct proinllammatoiy effects by inducing 
synthesis of the proinflammatory cytokiucs tumor necrosis factor 
(TNF), IL-lß. and the chemokincs 1L-8 and macrophagc 
inflammatory protcin-2 (M1P-2). Therefore, we hypothesized that 
IL-18 may be involved in the pathogencsis of lethal endotoxacmia. 
Indeed, IL-lß convening enzyme (ICE) deficient mice, lacking 
both mature IL-18 and IL-lß, appeared completely resistant to 
Eschcrichia coli LPS (100% survival). In contrast, both wild type 
and IL-lß-/- mice were equally susceptible to the lethal effects of 
LPS (0% survival). Treatment of mice with anti-IL-18 antibodies 
completely protected the animals against a lethal injection of LPS 
(100% vs. 0% in the placebo-treated controls. p<0.01). The 
increased survival in anti-IL-18 treated animals was accompanied 
by decreased levels of IFNy (92% inhibition, p<0.01) and M1P-2 
(52%, p<0.05). TNF concentrations were similar in treated and 
control mice. In addition, anti-IL-18 treatment reduced ncutrophil 
infiltration and protected against tissue damage induced by 
endotoxin, as measured by decreased myclopcroxidasc levels in 
the lungs (51%. p«V<)5) and liver (79%. p<0.05) of IL-18-trcated 
mice. In conclusion. IL-18 is a major mediator during lethal 
endotoxemia. and its mechanism of fiction probably involves 
ncutrophil-mcdialcd tissue damage. 
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THE ROLE OF MACROPHAGE MIGRATION INHIBITORY 
FACTOR (MIF) IN CYTOTOXIC T LYMPHOCYTE 
DEVELOPMENT. R. ABE, J. Sailors, T. Peng, C. Metz, and 
R. Bucala, The Picower Institute for Medical Research, 
Manhasset, NY 11030. 

Previously we reported that anti-MIF mAbs blocked 
antigen-specific T cell activation (Bacher et al. 1996) and 
suppressed tumor growth in vivo (Chesney et al. 1999). In 
this study, we investigated whether this effect is mediated 
through the regulation of cytotoxic T lymphocyte (CTL) 
activity. Initially, we revealed that spleen cells obtained from 
antigen (OVA)-immunized mice secrete high levels of MIF 
following re-stimulation of antigen in vitro. We observed an 
increase in CTL activity when spleen (responder) cells from 
mice primed by injection of EG.7 (OVA expressing) cells were 
stimulated in vitro with irradiated EG.7 (stimulator) cells in the 
presence of anti-MIF mAbs. Examination of the culture 
supernatants obtained from the co-culture of responder and 
stimulator cells in the presence of anti-MIF mAbs showed 
elevated levels of IFNy, but not TNFa, IL-2, or IL-12. Using an 
in vivo CTL activity model, the administration of anti-MIF 
mAbs to tumor-bearing mice slowed tumor growth when 
compared to control mAb-treated animals. Histological 
examination of these tumors revealed an accumulation of T 
cells and apoptotic tumor cells within the mass, suggesting an 
induction of CTL activity in animals treated with anti-MIF 
mAbs. These data indicate that MIF plays an important 
immunoregulatory role in the development CTL and anti 
tumor immunity. 

INDUCTION OF INTERACTIONS BETWEEN CD44 AND 
HYALURONIC ACID BY A SHORT EXPOSURE OF 
HUMAN T CELLS TO DIVERSE PRO-INFLAMMATORY 
MEDIATORS. Amiram Ariel. Rami Hershkoviz, Liora 
Cahalon, Betty Schwartz, and Ofer Lider, Weizmann Institute of 
Science, and Hebrew University, Rehovot, Israel. 

Migration of T cells into extravascular sites of 
inflammation is mediated by cell-cell and cell-matrix 
adhesion receptors, including the hyaluronan-binding 
glycoprotein, CD44. The biochemical nature of variants of 
CD44 and the ligand specificity, function, and the 
regulation of activation of CD44 expressed on various cell 
types have been extensively studied. However, little is 
known about the short-term influence of cytokines and 
chemokines on activation of CD44 on human T cells. We 
studied the involvement of inflammatory mediators in 
regulation of human peripheral blood T cell adhesion to 
hyaluronan. We found that the CD44-dependent adhesion 
of T cells to hyaluronan requires T cell activation of 2-3 
hours and is regulated by cross-linking of CD3, certain 
cytokines (IL-2 and TNFa), and certain chemokines (MIP- 
10, IL-8, and RANTES). The CD44-dependent T cell 
adhesion required active protein synthesis and modification 
(sulfation and O- and N-linked glycosylation) of the CD44 
molecule. This T cell adhesion was manifested by 
polarization, spreading, co-localization of cell surface 
CD44, and by the re-arrangement of cytoskeleton in 
hyaluronan-bound T cells. Thus, cytokines and chemokines 
present at sites of immune reactions are capable of rapidly 
activating CD44 molecules expressed on T cells. 
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A NOVEL GENE IN THE INTERLEUKIN-1 CLUSTER. 
.1.1.. BARTON and M. I H. Nicklin. Division of Molecular and 
Genetic Medicine, University of Sheffield, Royal Hallamshire 
Hospital, Sheffield, S10 2JF. 

We report cloning of a novel member of the interleukin-1 (IL-1) 
family, IL-1 LI. Its cDNA was isolated by a combination of solution 
phase hybridisation with a YAC clone covering the IL-1 cluster, 
cDNA library screening and 5' RACE. The gene, which has a similar 
inlron-exon structure to the IL-lra gene, is situated between the IL- 
lß and the IL-lra genes. Its cDNA contains a 550bp open reading 
frame encoding a l7kDa protein that shares 47% amino acid identity 
with IL-lra but lacks a signal sequence and glycosylation sites. 
Comparison of human and mouse IL-1 LI shows a high degree of 
conservation in the coding region. IL-1L1 mRNA shows restricted 
expression and was detected in human placenta, peripheral blood 
mononuclcar cells, and in the trophoblastic cell line, JEG-3. A 
17kDa protein was specifically immunoprecipitated from 
metabolieally labelled JEG-3 cell lysates with rabbit anti-IL-lLI 
serum. Recombinant IL-1LI, tested up to 0.1 |iM, failed to stimulate 
1L-6 production from fibroblasts or endothelial cells, or to block 
significantly the activity of ü.l nM IL-lß or inlerleukin-la. Control 
IL-lra, produced in parallel, was fully biologically active. We 
conclude that IL-1 LI is not an IL-1RI ligand, nor does it have 
agonistic IL-1-Iike effects through other receptors on fibroblasts or 
endothelial cells. 

INTERFERON INDUCING AND ANTIVIRAL AC- 
TIVITIES OF PROTHYMOSIN a, PEPTOFERON a 
AND ALBEFERON 
D. Dolgikh', A. Khodyakova1, M. Mezentseva2, 
G. Puchkova', A. Vasiliev1, G. Kozlovskaya1, 
T. Chernovskaya1, V. Zav'yalov1. 
1 Inst. of Immunological Engineering. 142380 Lyubu- 
chany, Russia. E-mail: abramo01@ssw.alcoa.com 
2 N.F. Gamaleya Research Institute of Epidemiology 
and Microbiology, RAMS, Moscow, Russia 

The possibility to use compounds of peptide nature - 
prothymosin a (ProTa), peptoferon a and albeferon as 
interferon inductors was studied. Intraperitoneal injec- 
tion of ProTa to rabbits in the dose of 3 mg/kg in- 
creased the level of serum interferon in hour after in- 
troduction, which reached its maximum by the end of 
the second hour and was equal to 128 (IU/ml). 48 hours 
later the second peak of interferon activity was ob- 
served and was equal to the first one. Introduction of 
peptoferon a caused gradual increase in the level of se- 
rum interferon in rabbits for 24 hours. The maximal 
serum activity was observed in 24 hours. In experi- 
ments in vitro using osteosarcoma cells MG-63 it was 
found that albeferon had direct antiviral activity. 
Treatment of embryonal human lung fibroblasts with 
ProTa or peptoferon a dose-dependently stimulates 
antiviral activity of these cells. 
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MONOCLONAL AND POLYCLONAL 
ANTIBODIES AGAINST THE PORCINE 
INTERLEUKIN 12 MOLECULE 

L.J. Luchene, M.E. Zannelli, L.A. Beausang and C.A. 
Burns; Endogen, Inc. Woburn, MA USA. 

IL-12 is a heterodimeric glycoprotein that is composed of 
unrelated 35kDa and 40 kDa subunits. The p40 subunit is 
constituatively expressed, however both units are necessary for 
biological activity. The array of activities of the IL-12 cytokine 
suggest clinical uses as an anti-tumor and anti-viral agent, in 
restoring immunity in immune supressed individuals and in 
combating opportunistic infections in immune supressed patients. 
The analysis of IL-12 may show an important role in 
xenotransplantation. Porcine rIL-12 was used to immunize mice 
and rabbits for the production of antibodies. As a result, seven 
porcine IL-12 specific monoclonal and four IL-12 polyclonal 
antibodies were produced. Each monoclonal and polyclonal was 
further screened by western blot. Reactivity was seen against 
porcine IL-12 at 70 kDa (whole molecule), as well as at 40 kDa 
(p40 subunit). A preliminary ELISA pair, polyclonals 1335 and 
1502, was found to be specific in the detection of recombinant and 
natural IL-12 . The high standard of the assay, 2 ng/ml, gave an 
OD of 0.940 and the low standard of the assay, 31 pg/ml, gave an 
OD of 0.162. Sensitivity was found to be less than 30 pg/ml. 
Stimulated samples (in vivo LPS presentation) gave values at time 0 
of 0 pg/ml, yet at approximately 1000 pg/ml at time 24 hours. 
These antibodies are shown to be excellent tools in research 
involving porcine IL-12 . 

MONOCLONAL AND POLYCLONAL 
ANTIBODIES AGAINST THE PORCINE 
INTERLEUKIN Iß MOLECULE 
L.J. Luchene, M.E. Zannelli, L.A. Beausang and C.A. 
Burns; Endogen, Inc. Woburn, MA USA. 

IL-lß is a 17 kDa protein that has a wide range of biological 
activities involved around mounting and maintaining an 
inflamatory response. Most clinical efforts around IL-lß are based 
on inhibiting IL-1 action. Porcine rIL-lß was used to immunize 
mice and rabbits for the production of antibodies. As a result, 22 
porcine IL-lß specific monoclonal and two IL-lß polyclonal 
antibodies were produced. A monoclonal fusion was performed 
using antigen presented mice. Spleens from mice with high serum 
antibody titers against IL-1 ß were fused with SP2/0 cells. Growing 
clones were screened via direct ELISA against porcine rIL-lß. 
Each monoclonal and polyclonal antibody was further screened by 
western blot. Reactivity was seen against porcine IL-lß at 
approximately 17 kDa. A preliminary ELISA using a polyclonal 
antibody designated as 1337, was found to be specific in the 
detection of recombinant and natural IL-lß . The high standard of 
the assay, 2 ng/ml, gave an optical density of 2.12 and the low 
standard of the assay, 31 pg/ml, gave an optical density of 0.448. 
Sensitivity was found to be less than 30 pg/ml. Stimulated samples 
(in vivo LPS presentation) gave values at time 0 of 0 pg/ml, yet at 
- 450 pg/ml at time 24 hours. One would expect these trends as the 
action of IL-lß has been shown to increase with the presentation of 
LPS. These antibodies are shown to be excellent tools in research 
involving porcine IL-lß. 
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REGULATION OF BLYS EXPRESSION IN MONOCYTES 
AND DENDRITIC CELLS. B. Nardelli. O. Belvedere, H. 
Olsen, V. Roschke, S. Sosnovtseva, A. Garcia, E. V. 
Cochrane, D. K. Morahan, J. Giri and D. M. Hubert, 
Human Genome Sciences Inc., Rockville, MD 20850 

BLyS (B Lymphocyte Stimulator) is as a recently 
described B cell growth factor expressed in myeloid 
cells. The aim of the present study was to investigate 
the regulation of BLyS expression in monocytes and 
dendritic cells in response to cytokines. On 
monocytes, FACS analysis indicated that constitutive 
membrane BLyS expression was not significantly 
changed by pro-inflammatory cytokines, such as TNF- 
ct or IL-lß, but was strongly enhanced by IL-10 and 
IFN-y. IL-4 and IL-13 were potent inhibitors of IL-10- 
induced upregulation of BLyS, but were less effective 
in inhibiling IFN-y-induced upregulation. Analysis of 
BLyS gene expression indicated that treatment with 
IFN-Y increased BLyS mRNA levels. On dendritic 
cells, IFN-Y but not IL-10 appeared to upregulate cell 
surface BLyS expression. In summary, we have 
identified cytokines acting as positive or negative 
regulators of BLyS expression. IFN-Y was the most 
potent regulator, increasing cell surface protein levels 
on both monocytes and dendritic cells. The regulation 
of BLyS expression on antigen-presenting cells by 
type II interferon together with the selective binding 
of BLyS to B cells are suggestive of an important role 
for this molecule in immune processes. 
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VIRUS-INDUCED      PROIL-18      PROCESSING      BY 
CASPASES-1 AND -3 IN HUMAN MACROPHAGES. 
J.Pirhonen. T.Sareneva, I. Julkunen and S. Matikainen, 
National Public Health Institute, Helsinki, Finland. 

Macrophages play a significant role in host's defense system. 
Activated macrophages produce a number of cytokines and 
one of the key cytokines released during virus infection is IL- 
18. We have studied IL-18 mRNA and protein expression in 
primary human macrophages in response to influenza A and 
Sendai virus infections. Monocyte-derived, GM-CSF- 
differentiated ma;rophages expressed constitutively IL-18 
mRNA and proIL-18 protein but only virus-infected cells 
could release biologically active, mature IL-18. Similarly to IL- 
lß, activation of IL-18 requires cleavage of its proform by 
caspase-1 enzyme. Pro-IL-18 is also cleaved by another, 
apoptosis-linked caspase: caspase-3. Both caspase-1 and 
caspase-3 mRNA and protein expression was induced as a 
result of virus infections. To examine this association of virus 
infection, caspase activation, and IL-18 production, we treated 
virus-infected macrophages with specific caspase-1 and 
caspase-3 inhibitors. The inhibitors had crucial effect on virus- 
induced IL-18 expression. ELISA analysis and measurement of 
IFN-y-inducing activity of macrophage supernatants revealed 
that caspase inhibitors blocked the release of biologically 
active IL-18 from macrophages. Western blotting analysis of 
cell extracts confirmed that the decreased IL-18 production 
was due to inhibited processing of proIL-18 into mature IL-18. 

55 
MITOGENIC ACTIVITY INDUCED WITH y-IRRADIATION IN 
CD4-CD8THYMIC CELL LINE. V. Shichkin. V. Talaev, E.Protsak, 
A. Yarilin, Institute of Immunology, Moscow 115478, Russia. 

A thymic cell line was induced in BALB/c mice by injections of 
human IL-2. The cell line had phenotype of CD4'CD8' T-precursors 
and secreted a mitogenic activity (THGF) in response to y- 
irradiation. THGF directly stimulates action proliferation of 
nonactivated thymocytes. We established that Y-irradiation at doses 
of 10-12 Gy strongly increased synthesis and secretion the factor, 
which was not initially secreted spontaneously. However, the 
spontaneous level and induced secretion were practically equivalent 
once the cell line was established. Like thymocytes, the mitogenic 
activity also appeared when spleen or lymphatic node cells were 
used as target cells. Only lh incubation of thymocytes in presence 
of the factor was enough to induce proliferative response in 5-day 
test culture. However, the maximal effect was obtained after 24 h 
incubation of thymocytes with the factor. Thymocytes, which were 
selected by Y-irradiation at doses of 10-50 Gy, could respond with 
increased proliferation to THGF, but not to IL-2. However, 
thymocytes preincubated with THGF acquired capacity to respond 
also to IL-2 without additional comitogenic stimulus. Analysis of 
cell populations responding to the factor showed that thimic THGF- 
sensitive cells are radioresistant SC-LPNA+CD25*CD4'CD8' 
thymocytes. In spleen responding cells were presented in both Ig* 
and lg' populations. Moreover, the factor stimulated formation of 
haemopoietic spleen colonies, if administered alone or together with 
Ig'SC-l'Thy-l' bone marrow cells to lethally irradiated mice. Thus, 
induction by y-irradiation of mitogenic activity, which is probably 
an autocrine growth factor for radioresistant stem cells of thymus 
and acts also as colony stimulating factor for bone marrow and 
splenic precursors, reflects an evolved mechanism aimed at 
restoration of immune system after damaging action of radiation. 

THE INTRACELLULAR ROLE OF PRECURSOR IL-1 ALPHA 
(plL-1o). A. Werman. R. M. White, M. Dobkin, E. Voronov, R. 

Venkert, 2C.A. Dinarello and R. N. Apte. Ben-Gurion University, 
Beer-Sheva, Israel and 2University of Colorado, Denver, CO, 
USA. 

The IL-1 family, of which IL-1 a and IL-1 ß are the agonist 
members, is a family of pleiotropic cytokines involved mainly in 
initiation and propagation of the inflammatory response.lL-1o is 
expressed in a wide array of cells under homeostatic conditions, 
and when produced is rarely secreted. In most cells it remains 
intracellular and as such it has been linked to several biological 
phenomena, such as gene regulation, differentiation, cell cycle 
arrest and promotion of cell senescence. A mechanism for any 
of these intracellular roles is lacking. We demonstrate here that 
IL-1 a translocates into the nucleus in cells that secrete it 
(macrophages) and cells that do not secrete it (fibroblasts) 
under similar stimuli. In addition, translocation in macrophages is 
inhibited by exogenous IL-1Ra. Nuclear translocation is 
associated with modulation of gene expression (collagenase 
and MMP9 in fibroblasts). We used the yeast GAL4 system in 
order to assess a possible role of intracellular IL-1 a in 
transcription; in this system the potential of a sequence to 
activate transcription can be assessed and quantified. plL-1a 
showed a 100-fold activation over control levels. A two-hybrid 
screen was next used to identify IL-1 a binding proteins. We 
screened  2,500,000  clones  and  identified  three  genes 
encoding: (1) HAX-1- an HS-1 (Src TK member)-interacting 
protein. It is found in the mitochondria and nucleus, two 
transcriptionally active sites and shares homology with members 
of the Bcl2 anti-apoptosis family; (2) Cyclin G1 associated 
protein- a protein with unknown function. Amino-acid analysis 
suggests this protein to be nuclear associated; (3) A novel 
protein not related to known genes. It possesses a zinc-finger, 
suggesting that it acts as a DNA binding protein. 
Elucidating the nature of IL-1 a interaction with these proteins is 
pivotal to a better understanding of the nature of IL-1 a as an 
intracellular effector molecule distinct from IL-1 ß. 

56 
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DETECTION OF INTERLEUKIN 18 FAMILY 
EXPRESSION IN RAT BRAIN BY RT-PCR. RD, 
Wheeler, M.D. Hall*, N.J. Rothwell, G.N. Luheshi, 
School of Biological Sciences, University of 
Manchester, Manchester, UK and *Parke-Davis 
Research Institute, Cambridge, UK. 

Inteiieukin 18 (IL-18) is the most recent interleukin 
to be identified and is a key mediator in the peripheral 
immune system. It has been implicated in pathological 
conditions such as diabetes and multiple sclerosis but 
little is known about its function within the central 
nervous system. The IL-18 family now includes the IL- 
18 receptor (IL-18R), accessory protein (AcPL) and 
binding protein (IL-18BP), all of which were recently 
discovered in peripheral tissue but have not to date 
been detected in the brain. We have previously 
described the widespread expression of IL-18 in rat 
brain and have now extended these studies to 
investigate the presence of the other members of this 
family by using reverse transcription polymerase chain 
reaction. Various rat brain regions were studied, 
especially hypothalamus. These studies demonstrate, 
for the first time, IL-18R, AcPL and IL-18BP 
expression. These results should help to elucidate the 
functional role of IL-18 within the central nervous 

system. 

The role of SIL-2R in evaluation of immunocorrecting 
therapy efficacy in kidney allotransplantat recipients. 

S.S. GRIGORYAN , O.A. GUSEVA 
The Gamaleya of Epidemiology & Microbiology Institute 

RAMS, 
Moscow, Russia. 

In standard insignificant quantity of IL-2R present in blood 
serum. However, production of IL-2R is change at some 
pathologies. For example, the IL-2R concentration in serum 
is very high in recipients with corpseal kidney in the cries 
moment. The inclusion in therapy anti T-lymphocient 
globulin (ALG) result in decrease level of this cytokine in 
seajm. So, in the purpose control efficacy of 
immunocorrecting therapy in recipients with corpseal kidney 
we were determined sll-2R concentration. In all patients 
have been established a cries. 
15 patients was investigated both in the cries moment and 
after anti T- lymphocient globulin    (ALG) therapy. It was 
showed that after ALG therapy in 50 % of cases the level of 
SIL-2R    was    significantly    lowered.        The    additional 
immunocorrectind therapy with Tactivin in other 50% of 
patients resulted in decrease of serum s IL-2R concentration 
only in 35% of them and correlated with clinical improve. 
However,   some   patients   (15%)   unfavorable   decease 
prognosis had steadfast high level s IL-2R. 
Thus,    the    definition    of   s    IL-2R    concentration    in 
steroidresistent patients with kidney allotransplantant can be 
used as criteria of immunocorrecting therapy 
efficiency. 

59 

PROINFLAMMATORY CYTOKINES IN ACUTE 
INVASIVE GASTROENTERITIS 
V. BARAK. E Leibovitz, R Dagan, N. Vaisman 
Immunol Lab Hadassah Univ Hosp, Jerusalem 
Pediat Dep, Kaplan Hosp, Pediat Infect Dis 
Unit, Soroka Hosp, Beer-Sheva, Israel 

Involvement of proinflammatory cytokines 
during first 72 h of acute invasive gastroenteritis 
(AIGE) was studied in 31 subjects (6 m-6y) and 
in7aged matched controls. Physical examination, 
history, stool and blood cultures, WBC were 
correlated to serum cytokine (IL-lß,IL-6,IL-8, 
TNFa) levels before/after treatment. Extremely 
high IL-6 levels (49.4pg/ml) were detected only 
in bacterial AIGE(p<0.0001). Increased IL-lß, 
(3.1pg/ml) and IL-8 (62.3pg/ml) in all 
patients(p<0.002) with a tendency for higher 
levels in bacterial etiology (p<0.07) and higher 
TNFa levels (61.4pg/ml) only in the non- 
bacterial group, were found. Positive 
correlations between IL-8 and stools/day (r-0.62, 
p<0.04) and between WBC and % neutrophils in 
the bacterial group to elevated cytokine levels 
were found. In conclusion, while IL-lß and IL-8 
are elevated in bacterial AIGE, IL-6 discriminated 
best between bacterial/non-bacterial etiology. 

60 

ANTI-INFLAMMATORY EFFECT OF IFN-ß BY TWO 
CONCURRENT PATHWAYS ON HUMAN LYMPHOCYTES 
AND MONOCYTES, RESPECTIVELY. P. BURGER, F. Brun- 
ner, C. Modoux, and J.-M. Daycr, Division of Immunology & 
Allergy, University Hospital, CH-1211 Geneva 14, Switzerland. 

Direct contact between T lymphocytes (T) and monocyte- 
macrophages (Mo) is one of the hallmarks of inflammatory 
lesions. To date, this appears to be the principal endogenous 
mechanism that triggers production and release of large 
amounts of pro-inflammatory cytokines in Mo. We have 
attempted to answer the question whether IFN-ß modulates this 
pro-inflammatory mechanism through T, Mo, or both. The 
effect of rhIFNß (Ares-Scrono) was assessed on: (i) co-coltures 
of isolated Mo or T in double chambers, stimulated by phyto- 
heir.agglutinin (PHA), (ii) the induction of monocyte-activating 
factors on stimulated T, and (iii) isolated Mo activated by 
plasma membranes from stimulated T. IFN-ß inhibited by 80 to 
90% the induction of tumor necrosis factor a ( TNFa) and 
intcrlcukin-1 (IL-1) ß production, but only when both T and 
Mo were in direct cellular contact. This was due to the inhibi- 
tion of expression of monocyte-activating factors in plasma 
membrane of stimulated T lymphocytes, thus leading to a 
decrease. Concomitantly, IFN-ß increased twofold the produc- 
tion of IL-1 receptor antagonist (IL-IRa) at protein and mRNA 
levels by acting directly on Mo when activated by contact with 
stimulated T. In conclusion, IFN-ß modulates T signalling of Mo 
by both diminishing the expression of monocyte-activating 
factors on stimulated T and directly increasing IL-IRa produc- 
tion by Mo. This could account for the efficacy of IFN-ß in the 
treatment of patients suffering from autoimmune diseases such 
as relapsing-rcmitting multiple sclerosis. 
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SUCCESSFUL INTERFERON-ALPHA THERAPY IN 
ATOPIC DERMATITIS OF BESNIER'S PRURIGO 
PATTERN WITH NORMAL SERUM IGE AND BLOOD 
EOSINOPHIL FRACTION: RANDOMIZED CASE- 
CONTROLLED STUDY. G.W. NOH and K.Y. Lcc, 
Sungkyunkwan Univ. Sch. Mcd., Seoul, Korea 100-380 and Yonsei 
Univ. Col. Mcd., Seoul, Korea 120-749. 

Intciieron-alpha ihcrapy has been tried with variable and even 
conflicting results. A randomized case-controlled study was tried 
for intcrl'cron-alpha therapy in atopic dermatitis of Bcsnier's 
prurigo pattern with normal serum IgE and normal blood eosinophil 
fraction. Intcrl'cron-alpha therapy was conducted on 14 non- 
rcspondcrs to intcrl'eron-gamma and subsequent thymopentin 
therapy among 100 atopic dermatitis. In a total of 44 Bcsnier's 
prurigo patients, 13 Bcsnier's prurigo patients were treated by 
intcrfcron-alpha therapy, 10 by interferon-gamma, 10 by 
thymopentin, and the remaining 11 were untreated as the control 
group. Among 100 atopic dermatitis, 14 patients were unresponsive 
to interferon-gamma and subsequent thymopentin therapy. Eight of 
them improved significantly by interferon-alpha therapy. 
Inlerfcron-alpha responders showed characteristic skin lesions of 
the Bcsnier's prurigo pattern, normal scrum IgE, and normal blood 
eosinophil fraction. For the randomized prospective case-controlled 
study, 44 patients who fulfilled the above characteristics were 
selected. By intcrl'cron-alpha therapy, 11 out of 13 Bcsnier's 
prurigo patient with normal IgE and normal blood eosinophil 
fraction improved their condition significantly, and 2 out of 10 
improved by intcrfcron-gamma therapy, and none improved by 
thymopentin therapy or in the untreated control group. 
Conclusively, intcrferon-alpha therapy may be effective on atopic 
dermatitis of Bcsnier's prurigo pattern with normal scrum IgE and 
normal blood eosinophil fraction. 

61 62 
PROTEOME ANALYSIS REVEALS UBIQUITIN 
CONJUGATING ENZYMES TO BE A NEW FAMILY OF 
IFN-a-REGULATED GENES. Tuula A. Nvman. Sampsa 
Matikainen, Timo Sareneva, Ilkka Julkunen, and Nisse Kalkkinen, 
Turku Centre for Biotechnology, BioCity 5th floor, P.O.Box 123, 
FIN-20521 Turku, FINLAND. 

The proteins expressed by a genome or tissue are called 
"proteome". Unlike the genome, the proteome is not a fixed 
feature of an organism but is a subject to changes by translational 
control, posttranslational modifications or cellular proteolytic 
activity. Two-dimensional gel electrophoresis (2-DE) is currently 
the only analytical and preparative separation method capable of 
separating all, or at least the majority of the proteins in a 
proteome. We have used metabolic labeling and 2-DE followed by 
mass spectrometry and database searches to identify potentially 
new IFN-a -induced protein products in human T cells. With this 
analysis we show that IFN-a induces the expression of ubiquitin 
cross-reactive protein (ISG15) and two ubiquitin conjugating 
enzymes, UbcH5 and UbcH8. Northern blot analysis showed that 
IFN-a rapidly enhanced mRNA expression of UbcH5, UbcH6 and 
UbcH8 in T cells. These genes were also induced in macrophages 
stimulated with IFN-a or IFN-y or infected with influenza A or 
Sendai viruses. Ubiquitin conjugation is a rate limiting step in 
antigen presentation and therefore it may be that the upregulation 
of UbcHs by IFNs contributes to the enhanced antigen 
presentation by macrophages. 

63 
RAPID CONSTRUCTION OF ARTIFICIAL GENE CODING 
EQUINE INTERFERON ALPHA-1 FROM SHORT DNA 

OLIGOMERS BY A NEW METHOD. 
Y. Tsuchiva. S. Watanabe, T. Nomoto, N. Harada, K. 
Morioka, K. Takahashi and J. Shirai, National Institute of 
Animal Health, Kodaira, Tokyo 187-0022, Japan, and 
Nippon Veterinary and Animal Science University, 
Tokyo 180-8062, Japan. 

In spite of many advantages, artificial genes for cytokines have 
seldom been prepared due to the difficulty of the construction of long 
gene from short DNA oligomres. To improve the method for the 
construction of gene, a new method by which long gene is easily, 
rapidly constructed, was developed. Using plus gene and minus gene 
both as template and primer that have 20-40 bases of cohesive ends, a 
double stranded DNA is synthesized by the reaction of polymerase. We 
named this as "SPR method". 

First, the gene sequence of equine interferon alpha-1 was designed 
under consideration of the creation of restriction site and the 
adaptation to the yeast codon usage. Then 11 of DNA short oligomers 
(each is 80mer) containing 5 of plus genes and 6 of minus genes, were 
synthesized by the DNA synthesizer. Each set of plus and minus gene 
was mixed and reacted with rTaq DNA polymerase. The analysis of 
electrophoresis showed that each product was 140bp of double 
stranded DNA. Then, similar reactions were repeated with the sets of 
these products. Final product was about 600bp of length, indicated that 
the full-length gene should be prepared. As the result of DNA 
sequencing, it was shown that this artificial gene had complete 
sequence of equine interferon alpha-1. 

Within only a week, about 600bp of artificial gene was easily, 
rapidly, and completely constructed. More than lOOObp of gene will be 
able to prepare using SPR method. 

64 
DE NOVO PROTEIN ALBEFERON SPECIFICALLY IN- 
TERACTS WITH MONOSIALOGANGLIOSIDES AND 
WITH HIGH-EFFICACY SUPRESSES THE PROLIF- 
ERATION OF CELLS 
V.P. Zav'valov1. E.V. Navolotskaya1'2, D.A. Dolgikh1'2, 
R.V. Chertkova2, M.P. Kirpichnikov2. 'institute of Immu- 
nological Engineering, Lyubuchany, Moscow Reg., Chek- 
hov Dist., 142380 Russia; institute of Bioorganic Chemis- 
try, Miklucho-Maklaya str. 16/10, Moscow, 117871 Russia. 

It has been established that rhIFN-cx2 and albeferon (ABF, 
de novo protein albebetin (ABB) with the grafted sequence 
130137 of hIFN-cc2) are able to specifically bind to gan- 
gliosides. Binding of 125I-rhIFN-ct2 to Gml,2,3 is charac- 
terised by Ka 45 nM, 12 nM and 78 nM, respectively. 
Binding is inhibited by unlabelled rhIFN-a2 and not inhib- 
ited by unlabelled rhIL-2 and rhlFN-y. Unlabelled ABF 
competitively inhibited specific binding of 125I-rhIFN-ct2 to 
Gm 1,2,3. Kj were 0.2 nM, 0.6 nM and 1.3 nM, respectively. 
Unlabelled ABB did not have inhibiting properties. One can 
conclude that the sequence 130-137 of hIFN-a2 participates 
in binding of hIFN-a2 and ABF to gangliosides. ABF su- 
presses the proliferation of T-lymphocytes of human periph- 
eral blood and lymphoblastoma MT-4 cells with the same 
efficacy as rhlFN-a2. It has been established that at a con- 
centration of 50 nM Gm2 completely inhibits 125I-rhIFN-ct2 
and l25I-ABF ability to bind to T-lymphocytes and to abolish 
PHA-induced blast transformation of the cells. The results 
obtained suggest that a ganglioside-like component is a part 
of hlFN-ct2 receptor on these cells. 
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65 
POSSIBLE ROLE FOR PROTEIN KINASE B IN THE 
ANTI-APOPTOTIC ACTION OF PROLACTIN.  K.A. 
Al-Sakkaf, L. Mooney, P.R.M. Dobson, & *B.L. Brown. 
Oncology & Cellular Pathology and »Institute of 
Endocrinology, Sheffield Univ. Med. Sch., Sheffield, UK. 

Prolactin (PRL) is a pleiotropic cytokine which acts as a 
mitogen and survival factor for a number of cell types 
including Nb2 lymphoma cells. However, the intracellular 
signalling pathways by which PRL promotes survival are 
unknown. We have previously shown that PRL caused the 
activation of Phosphatidylinositol 3-kinase (PI3-kinase) and 
the phosphorylation and activation of protein kina.se B 
(PKB), a downstream component of the PI3-kinase pathway. 
We now show, using confocal microscopy, translocation of 
PKB to the membrane of Nb2 cells in response to PRL, an 
effect which was blocked by the PLVkinase inhibitor 
LY294002 (10ug/ml). We have also examined the role of 
PKB in PRL-induced survival of Nb2 cells. Apoptosis was 
induced by dexamethasone (Dex: lOOnM), staurosporine 
(O.I-l.OuM) or ionising radiation (lOGy). PRL (100ng/ml) 
inhibited apoptosis induced by Dex and ionising radiation; 
this effect of PRL was reversed by the addition of 
LY294002, which by itself induced apoptosis of Nb2 cells. 
In contrast, PRL had no effect on staurosporine-induced 
apoptosis. Some of these effects may be cell-specific since, 
although staurosporine induced apoptosis in MCF7 and 
T47D cells, dexamethasone and LY294002 did not. 
Interestingly, staurosporine induced DNA fragmentation 
and PARP cleavage in MCF7 cells in the absence of caspase- 
3 expression. However, even in these cells PRL did not 
rescue from staurosporine-induced apoptosis. These results 
suggest that the PI3-kinase/PKB pathway may mediate the 
anti-apoptotic effect of PRL, at least in Nb2 cells. 
We are grateful to Yorkshire Cancer Research for funding. 

66 
CHARACTERIZATION      OF     INTERLEUKIN-2 

INDUCED IMMEDIATE-EARLY GENES 

C. Beadling, W. Fan, G. Richter, and K.A. Smith 

Division of Immunology, Weill Medical College of 

Cornell University, New York, NY 10021 

Interleukin-2 plays a pivotal role in directing the 
proliferation, survival and functional differentiation of 

T lymphocytes. To elucidate further the mechanisms 

of IL-2 action, we have utilized a sulfhydryl-labeling 

and affinity purification method to identify IL-2- 

induced immediate-early genes from human T cells. 

Two of the cytokine-responsive (CR) genes, CR1 and 
CR6, exhibit distinct kinetics of IL-2-induced 

expression, with the former transiently induced from 2- 
4 hr.„ and the latter expressed throughout Gl and 

decreasing at the onset of S phase. The CR1 gene 

encodes a member of the regulator of G protein 

signaling (RGS) family, RGS16, and it inhibits signaling 

by Gq and Gi-linked seven transmembrane receptors. 

The CR6 gene encodes a small acidic protein which has 

high homology to GADD45 and MyD118, and 

regulates the cell cycle through induction of p21. These 
results indicate that IL-2 signals diverse T cell 
functions through the induction of specific target genes. 

67 
REGULATION OF INTERLEUKIN-lß-INDUCED 
PDGF RECEPTOR-cx EXPRESSION IN LUNG 
MYOFIBROBLASTS BY p38 MAP KINASE. 
J. BONNER. P. Zhang, A. Rice, and Y. Wang. 
Laboratory of Pulmonary Pathobiology, NIEHS, 
NIH, Res. Tri. Park, NC  27709. 

The potential role of p38 mitogen-activated protein 
(MAP) kinase in platelet-derived growth factor 
receptor-a (PDGF-Ra) gene expression was 
investigated using cultured rat pulmonary 
myofibroblasts. p38 MAP kinase was constitutively 
expressed in myofibroblasts and activated by 
interleukin (IL)-lß. A pyridinylimidazole compound, 
SB203580, completely inhibited the ability of p38 
MAP kinase activity to phosphorylate Phas-1 
substrate. SB203580 inhibited IL-lß-induced up- 
regulation of PDGF-Ra mRNA and protein in a 
concentration-dependent manner. Moreover, the IL- 
lß-induced increase in the number of [l25I]PDGF-AA 
binding sites at the cell surface was reduced >70% by 
pretreatment with SB203580. Accordingly, an 
enhancement of PDGF-AA-stimulated DNA synthesis 
caused by IL-lß-induced up-regulation of PDGF-Ra 
was blocked >70% by SB203580. Treatment of cells 
with SB203580 following inhibition of mRNA 
synthesis by Actinomycin D significantly increased the 
degradation rate of PDGF-Ra mRNA that was up- 
regulated by IL-lß. These data indicate that IL-lß- 
activated p38 MAP kinase functions to stabilize PDGF- 
Ra mRNA, which contributes to increased cell-surface 
PDGF-Ra and enhanced PDGF-stimulated 
mitogenesis following IL-lß treatment. 

68 
CONSTITUTIVE   ACTIVATION   OF   STATs   UPON   HIV 
INFECTION.   C.  BOVOLENTA. A.L. Lorini, S. Ghezzi, E. 
Vicenzi, A.  Lazzarin, and G.  Poli.      San  Raffaele  Scientific 
Institute, Milano, 20132, Italy. 

Cytokines are relevant for the pathogenesis and the therapy of HIV 
disease in that they are both targets for virus-induced immunologic 
dysregulation and important determinants of HIV replication in T 
lymphocytes and mononuclear phagocytes. In recent years, the Janus 
kinase/signal transducer and activator of transcription (JAK/STAT) 
pathway has been demonstrated to be a very rapid membrane-to- 
nucleus signaling system adopted by most cytokines, based on the 
activation of the STATs by JAK-dependent tyrosine 
phosphorylation. STATs ultimately dimerize and translocate from 
the cytosol to the nucleus where activate cytokine-inducible gene 
transcription. Although profound dysregulation of the cytokine 
network has been reported in HIV disease, very little is known on 
whether HIV infection can directly affect the JAK/STAT pathway. 
Aim of our study was to investigate the state of activation of the 
JAK/STAT pathway both in HIV infected individuals and during in 
vitro acute HIV infection. We have observed that approximately 75% 
of randomly selected HIV infected individuals are characterized by 
constitutive activation of the JAK/STAT pathway, mostly accounted 
for by STATI and C-terminal truncated variants of STAT5 
(STAT5A). STAT5A retains binding but lacks the transactivating 
domain, as demonstrated by EMSA on their PBMC in the absence of 
in   vitro   stimulation. Furthermore,    STAT5A    is    activated 
preferentially in CD4+ T cells. Finally, an increased constitutive 
activation of STATwas detectable in resting PBMC acutely infected 
in vitro with either the HIV-1 X4/IIIB or R5/BaL strains compared to 
uninfected cells. Because truncated STAT5 isoforms may act as 
transdominant DNA binding molecules, their constitutive activation 
may have implications for both pathogenesis and immune 
reconstitution of the infected individuals. The effect of antivirals and 
immunotherapy on STAT activation is under evaluation. 
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69 70 
ANALYSIS OF INTERLEUKIN-1 SIGNAL 
TRANSDUCTION PATHWAYS IN RAT STRIATAL 
PRIMARY CULTURES. S. L. DUNN, M. D. Hall, S. 
McNully and F.. A. Hammond, Parke-Davis Neuroscience 
Research Centre, Cambridge University Forvie Site, 
Robinson Way, Cambridge, United Kingdom CB2 2QB. 

We have used striatal primary cultures to investigate 
features of the IL-1 intracellular signalling cascade, with 
particular attention given to a MAP kinase pathway. Firstly 
we have shown that the cultures consist primarily of neuronal 
cells (>65%) using calcium imaging and 
immunocytochemistry (ICC) techniques. We have 
demonstrated, using western blotting, that p38 MAP kinase is 
phosphorylated in response to treatment with IL-1, and that 
differences exist between stimulation by the two forms of IL- 
1, IL-1 a and IL-lß. Stimulation of p38 occurred after only 5 
minutes incubation with IL-1 a, and was maintained for a 
prolonged period, up to 90 minutes. IL-lß-induced p38 
phosphorylation occurred later, after 40 minutes, and was 
maintained until 90 minutes. The receptor antagonist IL-lra 
blocked p38 phosphorylation by both forms. The cellular 
localisation of p38 phosphorylation was investigated using 
ICC with cell-type specific fluorescent-labelled antibodies. 
Lastly we investigated IL-1 stimulated gene activation using 
quantitative PCR. Cultures were stimulated with IL-1 a or IL- 
lß for 0.5, 2, 4, 6, 12, 18 and 24 hours, and the level of 
mRNA of a number of IL-1-responsive genes was assessed at 
each timepoint. This study therefore gives a wide-ranging 
representation of the effects of IL-1, from receptor to gene 
expression, in a neuronal background, and is the first time 
that IL-1 signalling pathways have been studied in striatal 
primary cultures. 

ANTIPROLIFERATIVE EFFECT OF INTERLEUKIN 
1  (IL-1)  IS  MEDIATED BY P38MAP KINASE IN 
HUMAN      MELANOMA      CELLS      A375: 
CONTRIBUTION OF ERKI/2 

H.HAYASHl S.Itoh, T.Hattori, T.Yamamura, T.Takii, T.Chiba and 
K.Onozaki 
Faculty of Pharmaceutical Sciences, Nagoya City University, 3-1 
Tauabe-dori, Mizuho-ku, Nagoya 467-8603, Japan, 

The role of p38- and classical (ERKI/2) - MAPKin IL-1-induced 
growth inhibition was investigated using IL-1 sensitive human 
melanoma A375-6 or A375-C2-1 cells. In the cells, p38MAPK was 
activated by IL-1 stimulation. A selective inhibitor for p38MAPK, 
SB203580 almost completely recovered the IL-l-induced growth 
inhibition. Down-regulation of ornithine decarboxylasc (ODC) 
activity as well as its protein level has been shown to be essential 
for IL-l-induced growth inhibition. SB203580 also reversed the IL- 
l-induced down-regulation of ODC activity and intracellular 
polyamine levels without affecting ODC mRNA level in cells. On 
the other hand, classical MAPKs (ERKI/2) were constilutively 
activated in the cells and IL-1 treatment did not alter their 
activation. MEKI/2 specific inhibitors, PD98059 inhibited the 
constitutive ERKI/2 activation and almost completely rescued the 
IL-1 induced cell growth inhibition. Unlike SB203580, IL-1- 
induccd down-regulation of ODC activity was not affected by 
PD98059 treatment. These findings demonstrate that p38MAPK 
plays a crucial role in IL- l-induced growth inhibition in A375 cells 
through down regulating ODC activity. In addition to p38MAPK 
activation, ERKI/2 or other PD98059 sensitive kinasc(s) may 
contribute to the antiprolifcrative effect of IL-1 in an ODC 
degradation independent manner. 

71 
MODULATION AND TERMINATION OF INTERLEUKIN-6- 
SIGNALLING 
Peter C. Heinrich, Manuela Decker, Lutz Graeve, Ingo Kurth, 
Gerhard Müller-Newen, Stefan Pflanz, Fred Schaper, Jochen 
Schmitz, Stefan Thiel 
Institut für Biochemie, Universitätsklinikum der RWTH Aachen, 
D-52074 Aachen, Germany 

lnterleukin-6 (IL-6) and the related long chain a-helical bundle 
cytokines IL-11. LIF, OSM, CNTF and CT-1 signal through the 
Jak/STAT pathway, which involves the dimerization of the 
signal transducers gp130, LIF-R or OSM-Rß, their tyrosine 
phosphorylation, recruitment of STAT factors and SHP-2, 
translocation of tyrosine- and serine-phosphorylated STAT 
dimers to the nucleus and binding of STATs to enhancer 
sequences of respective target genes resulting in transcriptional 
activation. In the first part of the paper structure-function studies 
using gp130 point (Y190, F,91 and V252) and domain (D1, D4, D5, 
D6) deletion mutants will be presented. In the second part of the 
presentation mechanisms of termination and modulation of IL-6 
signalling will be discussed, i.e. (i) the role of the tyrosine- 
phosphatase SHP-2 counteracting acute phase protein (APP) 
induction (ii) the role of SOCS feedback inhibitors in APP 
synthesis (iii) the importance of different half-lives of the 
signalling molecules gp130, Janus kinases, SHP-2, STATs and 
SOCS (iv) internalization of the receptor complexes (constitutive 
internalization of gp130 due to a di-leucine motif within the 
cytoplasmic tail). Finally, new data on the inhibitory effect of 
MAP kinases on IL-6-induced STAT activation will be 
presented. It is also shown that SOCS-3 mRNA is increased in 
cells transfected with a gp130 Y759 -> F mutant and that both 
SOCS-3 and SHP-2 interact with a phospho-tyrosine Y759 

peptide of gp130. 

72 
INTERLEUKIN-18   ACTIVATES   STAT3   IN   NK92   CELLS, 
AUGMENTS CYTOTOXIC ACTIVITY AND MEDIATES IFN-y 
PRODUCTION   BY   P42CK,WAND   P42° D.   Kauschat,   N. 
Koyama, D. Hoelzer, O.G. Ottmann and U. Kalina, Univ. Frankfurt, 
Dpt. Hematology F.ankfurt/Main, Germany 60590. 

Inlerlcukin-18 (IL-18), is a regulator of natural killer (NK) cell 
func'ion which has been shown to activate the IRAK signaling 
pathway and may be involved in other not yet characterized 
signaling pathways. Here we evaluated the IL-18 signaling pathways 
in the human NK92 cell line. NK92 cells were shown by RT-PCR to 
express all three receptor chains (IL-18R, AcPL, IL-18BP) described 
to bind IL-18. Tyrosine phosphorylation of STAT3 and of MAP 
kinase p42erk~1and p42™t2 was strongly enhanced following 
stimulation of NK92 cells by IL-18 for 5 minutes. In contrast, 
STATS was not activated. NK92 Iytic activity against K562 target 
cells, which was augmented in a dose dependent manner by IL-18 
(0.5-10ng/ml) in the presence of 5U/ml IL-2, was suppresed by a 
specific inhibitor of MAPK pathway (PD 98059). IL-18 did not 
stimulate proliferation of NK92 cells, cither alone, or in combination 
with IL-2 or IL-12 (3H-TdR uptake). While the IL-2 and IL-I2 
inddced proliferation of NK92 cells was not significantly altered by 
the MAPK pathway inhibitor, the janus kinase/STAT pathway 
inhibitor AG490 suppressed proliferation by 80%. The stimulatory 
effect of IL-18 given in combination with IL-2 on interferon-y 
(IFNv) protein production was counteracted by inhibiton of MAPK. 
IL-18 alone failed to stimulate IFNy protein production despite 
inducing expression of IFNy mRNA, which was not effected by 
inhibition of MAPK. IL-2 alone failed to stimulate the IFNv mRNA 
expression and IFNy protein production. This suggests, that the 
translation of IL-18 induced IFNy mRNA involves MAPK activation 
and costimulatory factors activated by IL-2. MAPK also participates 
in the IL-18 induced eytolytic effect and does not alter the 
proliferation of NK92 cells. 
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73 
CONSTITUTIVE    EXPRESSION    OF    CIS1     CONFERS 
RESISTANCE  TO   ANTI  PROLIFERATIVE  EFFECTS   OF 
ONCOSTATIN-M IN HUMAN A375 MELANOMA CELLS 
F. Magrangeas. O. Boisteau, S. Denis, S. Dubois, Y. Jacques and S. 
Minvielle, INSERM U463, Nantes, France. 

Oncostatin-M (OSM) is a member of a cytokine subfamily 
that includes intcrleukin-6, ciliary neurotrophic factor, interleukin- 
11, cardiotrophin-1 and leukemia inhibitory factor (LIF). It inhibits 
the growth of human A375 melanoma cells through specific receptor 
complex, containing OSMRB and the common signaling subunit, 
gpl30. OSM binding to its specific receptor leads to activation of 
JAK1, JAK2 and TYK2 and subsequent recruitment and activation 
of STAT3 and STAT5b. Recently, a family of negative regulators of 
JAK/STAT signaling pathway referred as suppressor of cytokine 
signaling (SOCS) or cytokine-inducible SH2 protein (CIS) has been 
identified. These proteins are rapidly induced in response to 
cytokine stimulation and they act through interaction with either 
phosphorylated cytokine receptor or activated JAK. To address 
whether one of the CIS family member, CIS1, can inhibit OSM 
signaling we established an A375 cell line that constitutively 
expresses CIS1 protein. Our results show that forced expression of 
CIS1 inhibits antiproliferative effect of OSM and allows Gl to S cell 
cycle transition. Furthermore CIS1 expression partially abolishes 
STAT5 activation, but has no effect on STAT3 activation in 
response to OSM. In conclusion, these data show that CIS1 can 
inhibit OSM signaling and suggest that deregulated CIS1 expression 
could play a role in melanoma progression. 

PLATELET-DERIVED GROWTH FACTOR (PDGF)-INDUCED 
ACTIVATION OF STAT5 IS MEDIATED BY PDGF ß- 
RECEPTOR. K. Pai-Jdcu1. S. Valgeirsdottir2, P. Saharinen1, M. 
Bergman3, C-H. Heldin2, and O. Silvennoinen1'4. 'Haartman 
Institute, Department of Virology, P.O. Box 21, FIN-00014, 
University of Helsinki, Finland, 2Ludwig Institute for Cancer 
Research, Biomedical Center, Uppsala, Sweden, 3Division of 
Biochemistry, Department of Biosciences, Helsinki, Finland, 
"•Institute of Medical Technology, Tampere, Finland. 

Several growth factors activate Signal transducers and 
activators of transcription (Stats) but the mechanism of Stat 
activation in receptor tyrosine kinase signaling has remained 
elusive. Ligand binding activates the platelet-derived growth 
factor receptors (PDGFRs) but leads also in activation of 
cytoplasmic Src and Jak kinases. Co-expression experiments 
in insect and mammalian cells demonstrated that both PDGF 
ß-R and Jakl, but not c-Src, induced activation of Stat5. 
Furthermore, immune complex-purified PDGF ß-R was able 
to directly phosphorylate StatS. Experiments with 
overexpressed kinase negative (KN) and wild type Jak and c- 
Src kinases showed that both Src-KN and wild type c-Src 
similarly reduced the PDGF ß-R-induced activation of StatS 
while Jakl-KN or Jak2-KN had no effect. Activation of both 
Src and Stat5 is dependent on the same tyrosine residues 
Tyr579 and Tyr581 in PDGF ß-R; therefore the observed 
inhibition by Src is likely to result from competition for 
binding of Stat5 to the receptor. Finally, fibroblasts derived 
from Src"/" and Fyn"7- mice showed normal pattern of PDGF- 
induced tyrosine phosphorylation of StatS. Taken together 
these results indicate that Stat5 is a direct substrate for PDGF 
ß-R and that the activation of Stat5 does not require Jakl, 
Jak2, c-Src or Fyn tyrosine kinases. 
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EXPRESSION OF TNF RECEPTOR ASSOCIATED FACTORS 
(TRAFs & cIAPs) IN HUMAN AND MURINE PULMONARY 
EPITHELIAL CELLS. G. Pryhuber. H. Huyck and G. Reichlcn. 
Univ. Rochester, Rochester, NY 14642 

TNF-a receptors (TNFRs), type II transmembrane receptors, signal 
by recruiting secondary signaling proteins including TNF receptor 
associated factors, TRAF 1 and 2. TRAF1 is required for the 
association of TNFRs with inhibitor of apoptosis proteins (IAPs). In 
the current study, ribonuclease protection and Western assays 
demonstrate TNF-a dose and time dependent induction of TRAF1 
and cIAP2 in H441 and A549 pulmonary adenocarciuoma cell lines, 
that was blocked by the inhibitor of NFkB activation, MG132. 
Expression of TRAF1 in the U937 monocyte cell line was 
constitutive and not induced by TNF-a. The protein kinase C 
agonist, TPA, induced TRAF1 gene expression in H441 and U937 
cells but not A549 cells, suggesting PKC isotype dependent 
regulation. TRAF2 and cIAPl genes were consistently expressed in 
each cell and not altered by TNF-a. Transfection of A549 cells with 
TRAF1 antisense oligodeoxynucleotides inhibited TRAF1 induction 
and markedly increased sensitivity to TNF-a induced apoptosis. In 
order to test the relevance of cell culture data to whole lung function, 
C57B1/6J mice were treated with recombinant murine TNF-a (5^g, 
IT) 24 hrs prior to lung isolation. TRAF1 was detected by IHC in 
TNF-a but not saline treated mice, in cells morphologically 
consistent with alveolar Type II cells and macrophages. TRAF1 
protein was also detected in human neonatal autopsy lung specimens 
in a pattern consistent with vascular smooth muscle cells, broncliiolar 
and alveolar epithelium and macrophages. These studies suggest 
clinically relevant, cell-type specific regulation of TRAF1 and cIAP2 
in pulmonary epithelial cells by TNF-a. We speculate that TRAF1 
induction is NFkB activation dependent and may also be activated by 
a TNFR independent, protein kinase C mediated pathway. One 
likely function of TRAF1 in lung cells is to protect from TNF- 
a induced apoptosis. Supported by NIH K08 HL 03318-5 and the 
American Cancer Society. Oligonucleotides kindly supplied by Dr. 
R. Case, Midland Certified Reagent Company, Midland TX. 

76 
REGULATION OF THE EL-12 P40 PROMOTER BY 
HUMAN TOLL4 RECEPTOR. 

T. RONNI, and S.T. SMALE. Howard Hughes Medical 
Institute, UCLA, Los Angeles, CA 90095. 

Toll-like receptors (TLRs) are transmembrane 
immune receptors that interact directly or indirectly 
with bacterial products. TLRs are homologs of 
Drosophila Toll protein which is involved in dorsal- 
ventral development and antifungal defense in adult 
flies. Human TLRs, such as hTLR4, activate 
proinflammatory cytokine genes IL-1, IL-6, IL-8 and 
IL-12. IL-12 is a heterodimeric cytokine containing 
p40 and p35 subunits. In our co-transfection 
experiments, overexpressed mCD4/hTLR4 fusion 
protein activates an IL-12 p40 promoter-CAT 
reporter construct in murine macrophages in the 
absence of LPS. Because p40 transcription requires, 
minimally, the induction of Rel, C/EBP and AP-1 
family members, hTLR4 must transmit at least 3 
distinct signals. As a first step towards determining 
the point at which these signals diverge from the 
hTLR4, we have systematically mutated the hTLR4 
cytoplasmic domain. The mutants are being tested 
for their effect on the activation of Rel, C/EBP and 
AP-1 proteins, as well as on their effect on receptor 
dimerization and Myd88 binding. 
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TRAF6 IS REQUIERED FOR IL-17-INDUCED 
ACTIVATION OF NUCLEAR FACTOR-KB AND 
INDUCTION OF PRO-INFLAMMATORY CYTOKINES 
Ralf Schwandner, Kyoko Yamaguchi, and Zhaodan Cao, Tularik 
Inc., South San Francisco, California, 94080 USA 

IL-17 is secreted by activated CD4+ T cells, mainly from the 
Th-0 and Th-1 subtype, and signals through its wildly distributed 
cell surface receptor to enhances the transcription of genes 
encoding proinflammatory molecules. Although it has been well 
documented that IL-17 activates the transcription factor NF-KB, 

the upstream signaling events are largely unknown. Here we 
report the requirement of TRAF-6-(TNF receptor-associated 
factor 6) in IL-17-induced NF-KB activation. In embryonic 
fibroblasts derived from TRAF-6 knock-out mice, IL-17 failed 
to activate the IKB kinases complex (IKKs) a:id, hence, the 
activation of NF-KB. Consequently, IL-17-induced IL-6 
secretion and cell surface expression of ICAM-1 were abolished. 
Lack of TRAF-6 is likely the sole defect responsible for the 
observed unresponsiveness to IL-17, because TRAF-6- 
independent signaling pathways were intact and the levels of 
IL-17 receptor on the TRAF-6-deficient mouse embryonic 
fibroblasts (MEFs) were comparable to those on the wild type 
control cells. Furthermore, transient transfection of TRAF-6 
expression plasmid into the TRAF-6-deficent MEFs restored 
lL-17-induced NF-KB activation confirmed by luciferase 
reporter gene activation assays. Defects in IL-17 response was 
not observed in TRAF-2-deficient MEFs. Together, these results 
indicate that TRAF-6, but not TRAF-2, is a crucial component in 
IL-17-induced signaling events leading to NF-KB activation and 
proinflammatory responses. 

GENERATION OF MUTANT CELL LINES RESISTANT TO 
THE INHIBITORY ACTION OF SALICYLATE ON TNF 
SIGNALING. P. SCHWENGER and J. Vilcek, NYU School of 
Medicine, New York, NY  10016. 

Recent studies have shown that nonstcroidal anti-inflammatory 
drugs such as sodium salicylate (NaSal) have novel 
cyclooxygenase-independent effects. Some of these effects 
involve interference with cytokine signal transduction pathways. 
In previous work, we demonstrated that in normal human FS-4 
fibroblasts NaSal inhibited TNF-induced activation of two 
subfamilies of MAP kinases (MAPKs), the ERKs and JNKs. 
This inhibitory action of NaSal was selective for TNF because 
activation of these MAPK isoforms by growth factors and other 
cytokines, such as EGF or IL-1, was much less affected by NaSal. 
Unexpectedly, NaSal by itself activated a third MAPK family 
member, p38 MAPK, and induced apoptosis in FS-4 cells in a 
p38 MAPK-dependcnt manner. In addition, we showed that NaSal 
by itself activated JNK in some cells. Others have shown that 
NaSal inhibited the activation of the transcription factor NF-KB 
by preventing the induciblc phosphorylation and degradation of its 
inhibitory IKB subunit. We demonstrated that inhibition of TNF- 
induccd IKB phosphorylation and degradation by NaSal required 
NaSal-induced p38 MAPK activation. Applying a genetic 
approach to the analysis of NaSal-induced signaling pathways, we 
generated mutant COS-! cell lines unresponsive to NaSal. COS- 
I cells were subjected to mutagenesis with the frameshift mutagen 
compound ICR-191 and then selected for survival in high-dose 
NaSal. Clones resistant to NaSal-induced killing were then 
grown in non-selective medium, and subsequently screened for 
their response to NaSal based on several parameters. Several 
clones were identified in which NaSal no longer inhibited TNF- 
induced IKB phosphorylation and degradation. These clones may 
be useful for identification of the precise molecular mechanisms 
whereby NaSal inhibits TNF signaling, and could help to reveal 
novel cellular targets for anti-inflammatory drug action. 
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DIFFERENTIAL ROLES FOR PI3-KINASE, S6 KINASE 
AND MAP KINASES IN INTERLEUKIN-1 ACTION. 
C.Vale, J.M.Parry, *B.L.Brown & P.R.M.Dobson. Division 
of Oncology & Cellular Pathology and *Institute of 
Endocrinology, Sheffield Univ. Med. Sch., Sheffield, UK. 

The relative roles of protein kinases in the action of 
interleukin-l (IL-1) in different cell types have not been 
fully elucidated. The aim of these studies was to delineate 
the roles of these kinases in lymphoid and epithelial cells. 
We now show that IL-1 activated PI-3 kinase in Jurkat T cells 
and T47D epithelial cells with maximal stimulation at 60pM 
and with similar kinetics. However, IL-1 activated S6 kinase 
only in the T cells, an effect which was inhibited by the PI-3 
kinase inhibitor, LY294002. Thus, IL-1 activated P13-kinase 
leads to S6 activation in T cells but not in T47D cells. The 
effects of IL-1 on MAP kinases in T47D cells and T cells (in 
this case, EL4 cells) were also studied. ERKI/2 activity was 
.stimulated by IL-1 (max. 60pM) in T47D cells at 30-60 
mins., returning to basal levels thereafter, whereas there was 
no response in EL4 cells until 4-24 hr. IL-I elicited rapid 
and transient increases (5-10 min.) in JNK and p38 kinase 
activity in EL4 cells, but a slower response (30-60 min.) in 
T47D cells. Also, the dose of IL-1 required to activate p38 
was lower in EL4 cells than in T47D. LY294002 partially 
inhibited ERKI/2 activity in T47D cells and abrogated the 
JNK response to IL-1 in EL4 cells, but had no effect on JNK 
activation in T47D cells or p38 activation in either cell type. 
It appears that PI3-kinase may be involved in linking IL-1R 
activation to some downstream kinases in T cells. In T47D 
cells, PI3-kina.se may only be responsible for some, but 
interestingly not all, of the IL-1 induced ERK activity. Thus, 
significant quantitative, qualitative and/or dynamic 
differences in the activation of protein kinases by IL-1 occur 
in distinct cell types. 
We are grateful to Yorkshire Cancer Research for funding. 

80 
THE TRANSCRIPTION FACTORS INTERACTING WITH THE Bl- 
ALLELIC -308 TNF-a PROMOTER REGION. 
Karen M. Kroeger, Andrew Woo, Lauren C. Goldie and Lawrence 
J. Abraham. Department of Biochemistry, University of Western 
Australia, Perth, WA, Australia, 6907. 
The TNF2 promoter allele is associated with both susceptibility to 
some inflammatory and autoimune diseases as well as elevated 
serum TNF levels. Previously, we have demonstrated that the 
G/A -308 polymorphism affects both binding of transcription 
factors and expression from the TNF promoter linked to a reporter 
gene. Our current aims are to identify and characterise the 
transcription factors binding to the region. Linker scanning across 
the -308 region showed that an extended region of at least 27 bp 
was necessary for expression of the TNF2 phenotype and for the 
formation of a TNF2-specific complex (called complex E) in 
EMSA. Consistent with these data, DNase I footprinting showed 
an extended region of protection. In addition, the TNF2 
sequence shows a unique protection pattern. Supershift analysis 
established that the major EMSA complex C that formed on both 
allelic sequences was Spl. A potential ets binding site near -308 
was also assessed for its ability to influence expression of the - 
308 polymorphism. Although weak binding was apparent, 
overexpression of etsl or ets2 in cotransfection experiments, 
using wild-type and mutated ets site constructs, showed that the 
ets site was probably not functional. However, overexpression of 
etsl or ets2 served to differentially increase TNF2 expression 
compared to TNF1 and may indicate that the downstream ets site 
interacts with the -308 enhancersome. Characterisation of the 
allele-specific EMSA complex E indicated that it was a homomeric 
complex composed of a single 56 kD protein. Using mutant 
oligonucleotides as competitors enabled the definition of the 
Complex E DNA binding specificity as not related to known 
transcription factor binding sites. We believe that the complex E 
protein may represent a novel binding activity. 
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CURCUMIN REGULATES CYTOK1NE EXPRESSION DURING 
HEMORRHAGIC SHOCK AND RESUSCITATION IN RATS. 
J. P. Gaddipati, J. Calemine, P. Seth, G. S. Sidhu and R. K. 
Maheshwari. Center for Combat Casualty Care and Life 
Sustainment Research, Department of Pathology, Uniformed 
Services University of the Health Sciences, Bethesda, MD 20814. 

Proinflammatory cytokine cascades are initiated following 
hemorrhagic shock and are widely implicated in organ dysfunction. 
Significant hemorrhage carries considerable death rate regardless of 
intervention. Curcumin (diferuloymethane), a natural compound 
with anti-inflammatory, anti-oxidative and anti-carcinogenic 
activities has been shown to have pleiotropic biologic activities 
including inhibition of neutrophil activation, suppression of 
mononuclear cell proliferation. We have tested the efficacy of 
curcumin for the prevention of hemorrhagic shock injury and data 
indicate a significant survival advantage by pretreatment with 
curcumin. We have compared the cytokine gene expression in 
various organs during hemorrhagic shock and resuscitation and the 
response to curcumin pretreatment. Shock was initiated in 
anesthetized rats by bleeding of 30 ml/ kg body weight from the 
femoral artery. After one hour, the rats were resuscitated with 2X 
volume of lactated Ringer's solution. The animals were sacrificed 
2 h post-resuscitation and liver, intestine, kidney, lung, brain, heart 
and spleen were harvested. Total RNA was extracted and cytokine 
mRNA (IL-1 alpha, IL-1 beta, 1L-2, IL-6, 1L-10 and TNF-alpha) 
was analyzed by semi-quantitative RT-PCR and Northern 
hybridization. The results demonstrate that pretreatment with 
curcumin is effective in inhibiting some of these proinflammatory 
cytokines. The data also show that the hemorrhage induced 
cytokine profiles are quite differenl between organs. 
This work was supported by ONR grant G174HV. 

82 
STAT5 BUT NOT STAT3 BINDS SPECIFICALLY TO THE 
HUMAN INTERLEUKIN-18 PROMOTER U.KAUNA. K. 
BALLAS, N. KOYAMA, D. KOELZER, and O.G. OTTMANN, 
University Frankfurt, Dpt. Hematology Frankfurt/Main, Germany 
60590. 

The human interleukin-18 (IL-18) is a key regulator of 
interleron-Y production and T-ccll differentiation. IL-18 stimulates 
Thl cells, augments the cell-mediated immunity against foreign 
and tumor antigens and is involved in inflammatory and infectious 
diseases. Here we report the complete genomic. structure of the 
human IL-18 gene including the transcriptional start site and 
putative promoter regions. Spanning a region of 19,5 kb on 
Chromosome llq, the human IL-18 gene is composed of five 
translated exons and four introns. In contrast to the murine gene 
there is only one untranslated exon in the human IL-18 gene and a 
sequence differing by one nucleotide from the consensus TATA 
box is present 67 nucleotides upstream of the translation initiation 
codon ATG. Analysis of the two putative promoter regions 
upstream of the first untranslated and the second translated exons 
revealed multiple consensus sequences for factors that regulate 
either basal transcription or gene expression during cell 
differentiation and proliferation. GATA boxes, also present in the 
mouse gene, were located upstream of the transcription initiation 
point. In the first promoter a number of binding sites for signal 
transducer and activator of transcription factors (STATs) were 
identified. In DNA-protein binding experiments we have shown 
that activated STAT5 but not STAT3 binds specifically to distinct 
regions of the human IL-18 promoter. Elucidation of the genomic 
structure and promoter sequences of IL-18 will permit analysis of 
its transcriptional regulation in the context of immune responses, 
T-cell differentiation and cytotoxicity, and inflammatory 
processes. 

83 
SUPPRESSION OF ACUTE TERMINAL DIFFEREN- 
TIATION OF PRIMARY MOUSE B CELLS BY BCR- OR 
CD40 LIGATION AND IL-4: REVERSAL BY IL-2, IL-5 AND 
RETROVIRALLY TRANSDUCED BLIMP-1. M. Knödel, D. 
Schliephake, A. W. Kuss, I. Berberich and A. Schimpl, 
University of Würzburg, D 97078 Versbacherstr. 7, Würzburg, 
Germany (e-mail: schimpl@uni-wuerzburg.de) 

Following stimulation, primary B cells either directly 
undergo terminal differentiation to IgM secreting plasma 
cells or enter the memory pathway, characterized by 
affinity maturation and isotype switching before high rate 
secretion is turned on or cells revert to a resting memory 
phenotype. Which of the various fates is adopted by the B 
cells is likely determined by the strength and duration of 
the antigenic signal and the availability of T cell help in 
the germinal center milieu. High rate secretion has been 
correlated with and can be caused by high expression of 
Blimp-1. Using cultures of resting primary mouse B cells 
stimulated in vitro with LPS and, in various combinations, 
with IL-4, anti-n F(ab')2 and anti CD40, we show that IgM 
secretion and the expression of Blimp-1 induced by LPS is 
strongly suppressed by BCR or CD40 ligation and by IL-4. 
Suppression of IgM and IgGl secretion is reverted by IL-2 and 
IL-5, which induce Blimp-1 expression, or directly by 
retroviral transduction of Blimp-1. On the other hand, the 
drastic increase in membrane IgGl+ cells with time in 
cultures treated with LPS and IL-4 is greatly diminished in 
Blimp-1 expressing cells. 
We conclude that extended BCR and CD40 ligation in the 
presence of IL-4 facilitate the entrance into the memory 
pathway by delaying Blimp-1 expression and terminal 
differentiation which then can be induced by IL-2 and IL-5. 

84 
CYCLIC AMP RESPONSIVE ELEMENTS ARE 
INVOLVED IN THE TRANSCRIPTIONAL ACTIVATION 
OF THE IL-10 GENE IN MONOCYTIC CELLS. C 
Platzer*, E. Fritsch, T. Eisner, H.-D. Volk and S. Prösch, 
♦Institute of Anatomy II, Friedrich Schiller University, D- 
07740 Jena, email: cplatzer@mti-n.uni-jena.de 

IL-10 plays an important role in the regulation of immune 
response. We and others have demonstrated recently that 
cyclic adenosine monophosphate (cAMP) elevating 
substances up-regulate monocytic IL-10 expression in vitro 
and in vivo. Computer analysis of the IL-10 
promoter/enhancer region localized four putative cAMP 
responsive elements (CRE1-4) with homology to the CRE 
consensus motif. In electrophoretic mobility shift assays 
(EMSA) CRE1 and CRE4 bound protein complexes 
consisting of transcription factors CREB-1 and ATF-1, while 
CRE3 bound only marginal amounts of CREB-l/ATF-1 in 
combination with unknown protein(s). CRE2 showed no 
protein binding activity. In vitro mutation of CRE1 and CRE4 
reduced the level of cAMP-stimulated transactivation in 
reporter gene assays in comparison to the wild type promoter 
by 20% and 50%, respectively, while mutation of CRE3 had 
no effect. The main action of CRE4 on cAMP-dependent 
stimulation is probably based on its adjacent localization to 
the TATA box and its sequence comprising a perfect half site. 
Experiments with double and triple mutants and with deleted 
promoter fragments indicated the participation of additional 
elements beside the CRE motifs in the cAMP-dependent 
stimulation. 
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MOLECULAR ANALYSIS OF INTERLEUKIN-10 
EXPRESSION BY ACTIVATED B CELLS. T.W. Redford. 
A.K. Yi, and A. M. Krieg. Colleges of Pharmacy and Medicine 
University of Iowa, Iowa City, IA 52242. 

IL-10 is a potent autocrine factor for proliferation and 
differentiation of B cells and is a known inhibitor of IL-12, IL- 
2 and ylFN proinflammatory proteins associated with a Thl- 
type or cell mediated immune effector response. We initially 
reported IL-10 expression in B cells by the vaccine adjuvant, 
CpG DNA. Additional studies have found that B cell receptor 
(BCR) stimulation also increases IL-10 expression and 
demonstrates synergistic IL-10 promoter activation with CpG 
DNA. Truncation analysis of the IL-10 promoter revealed a 
100 bp region approximately 175 bp from the transcriptional 
start site that is critical in BCR stimulation of IL-10. The 
human IL-10 promoter was cloned upstream of the luciferase 
reporter gene and transiently transfected into the RAMOS B 
cell line. BCR stimulation of the IL-10 luciferase truncation 
constructs demonstrated 10 times the activity over background 
and was similar to PMA stimulation. BCR stimulation was 
abrogated when the promoter was truncated to 175 bp from the 
transcription start site whereas PMA stimulation was not 
affected. The region upstream from 175 contains a GGAAA 
consensus sequence for NF-AT and BCR stimulation of IL-10 
was diminished by the calcineurin and NF-AT inhibitor, 
cyclosporine A. This analysis will provide insight into the 
regulation of IL-10 particularly in the context of antigen and 
adjuvant stimulation present in vaccine response. (This work 
was supported by the Burroughs Wellcome Fund and the 
American Foundation for Pharmaceutical Education.) 

85 86 
DIFFERENTIAL REGULATION OF IFN-y GENE 
EXPRESSION BY IFN-a OR IL-12 IN NK AND T CELLS. 
T. SARENEVA, A. Paananen, T. Timonen, I. Julkunen, and S. 
Matikainen. National Public Health Institute, Helsinki, Finland. 

In many virus infections interferons (IFN)-oVß, but not 
interleukin (IL)-12, are secreted by macrophages. IFN-a/ß are 
potent inducers of NK cell activity, and these cells are 
important contributors to innate defence against viral 
infections. We have previously reported that influenza A virus- 
infected human macrophages did not produce IL-12. Instead, 
macrophages secreted IFN-a and IL-18, which synergistically 
enhanced IFN-y gene expression in activated human T cells. In 
this study, we demonstrate that the combined stimulation of 
resting NK cells with IFN-a and IL-18 also leads to the 
efficient secretion of IFN-Y protein. In addition, we directly 
compared the kinetics of either EFN-a or IL-12 plus IL-18- 
induced IFN-y gene activation in NK and T cells. IFN-a in 
combination with EL-18 induces a rapid IFN-y mRNA 
synthesis, which is down-regulated soon after induction. In 
contrast, IL-12 plus IL-18 induces long-lasting transcriptional 
activation of IFN-y gene, and high amount of IFN-y protein is 
produced. Furthermore, we demonstrate that both IFN-a and 
IL-12 are able to induce Stat4 DNA binding to the IFN-y 
promoter GAS element, but IL-12-induced Stat4/DNA 
complex is more stable compared to the TFN-a-induced 
complex. Thus the kinetic difference in IFN-y production by 
IFN-a or IL-12 may depend on different Stat4 stability. 

87 88 
KINETICS OF IL-6 MRNA TRANSCRIPTION IN 
LIPOPOLYSACCHARIDE-INDUCED MOUSE 
MACROPHAGES. S.W. Van Arsdell, K.P. Murphy, C. C. 
Pazmany, D. Erickson, and M.D. Moody, Endogen, Inc., 
Woburn, MA 01801. 

Interleukin-6, a pleiotropic cytokine which plays an 
important role in inflammation and activation of the immune 
response, is secreted by macrophages in response to host 
invasion or after exposure to various inducing agents such as 
lipopolysaccharide (LPS). We have investigated the kinetics 
of IL-6 mRNA transcription by mouse macrophage cell line 
J774A.I after treatment with LPS. The amount of IL-6 
mRNA produced in the macrophages was measured using the 
Xplore™ assay, a novel mRNA quantification system. This 
microtiter plate-based signal amplification system is rapid 
(less than 6 hours), sensitive (1 atcomole of mRNA can de 
detected in 0.5 pg of total RNA), and quantitative over three 
orders of magnitude. The target sequence is not amplified 
during the assay, so the risk of false positives from 
contamination is greatly reduced compared to methods such s.s 
RT-PCR. Using this assay, we determined that the steady 
state level of IL-6 mRNA increased from a basal level of 50 
molecules per cell before LPS treatment to a peak level of 
1200 molecules per cell at 7 hours, and then decreased to 450 
molecules per cell at 24 hours post-induction. The amount of 
IL-6 protein secreted into the cell culture medium, as 
measured by ELISA, increased from basal levels of 3 pg/ml to 
16 ng/ml at 7 hours, and then continued to increase, reaching 
27 ng/ml at 24 hours post-induction. 

IFNa SELECTIVELY ENHANCES IL-6 INDUCTION BY dsRNA 
BUT NOT BY IL-1 ß. J.L. VanBergen and M.K. Offermann, Emory 
University, Atlanta GA 30322. 
Double stranded RNA (dsRNA) is an intermediate that is 
common during viral infection and directly induces the 
expression of IL-6 in HeLa cells. Although there are 
some elements of the IL-6 promoter that are involved in 
responsiveness to both cytokines and dsRNA, there are a 
number of differences that affect both the kinetics and 
magnitude of induction. We have previously shown that 
IFNa does not directly induce the expression of IL-6, yet 
pretreatment of cells with IFNa dramatically enhances 
IL-6 expression in response to dsRNA but not to IL-lß. 
We have generated IL-6 promoter-CAT constructs 
containing variable regions of the IL-6 promoter and 
have used site-directed mutagenesis to determine the role 
of specific elements in these responses. Deletion of the 
region between -200 and -160 almost completely ablates 
the high level of CAT reporter activity that occur in 
response to IFNa pretreatment followed by PIC. This 
critical region contains the multiple response element I 
(MRE I) that includes an ATF/CREB site, whereas the 
NF-KB and NF-IL6 binding sites are downstream of this 
region. Mutation in the ATF/CREB binding element 
eliminates responsiveness to both dsRNA and IL-lß. 
IFNa prior to dsRNA restores responsiveness of this 
mutant to levels that are greater than activity of wild-type 
reporter in response to dsRNA alone (5-fold higher) but 
less than the activity of the wild type promoter in 
response to IFNa followed by PIC (30% of wild-type 
activity). In contrast, IFNa pretreatment does not restore 
responsiveness of the mutant reporter to IL-lß. These 
studies indicate IFNa pretreatment can in part overcome 
the consequences of disruption of the ATF/CREB site 
selectively for dsRNA but not for IL-lß. 



934 / Abstracts 

89 90 
HUMAN INTERLEUKIN-1 RECEPTOR 
ANTAGONIST: LARGE-SCALE 
EXPRESSION   IN   Bacillus   brevis   47-5Q. 

T. TAKII1. H. Honda1, S. Sasayama1, T. Kobayashi2, 

H.   Ikezawa2,   S.   Udaka3,   Y.   Oomoto4,   and   K. 

Onozaki '• 'Department of Hygienic Chemistry and 2Microbial 
Chemistry, Faculty of Pharmaceutical Sciences, Nagoya City 

University, Nagoya 467-8603 JAPAN, and 3Departmcnl of 
Fermentation Science, Tokyo University of Agriculture , Tokyo 

156-8502 JAPAN, and department of Immunology, Otsuka 
Pharmaceutical Co., Ltd.,Tokushima771-0130, JAPAN 

Interleukin 1 receptor antagonist (IL-lra) has been 
used as a tool to study the biological activity of IL-1 
and as a possible therapeutic substance for 
inflammatory disease. To perform in viva study, 
however, large quantities of IL-lra are required. It is 
well known that Bacillus brevis (B. brevis) strains 
secrete large amounts of proteins but little protease 
into the medium. Using B. brevis 47-5Q, we 
developed a large-scale expression system of human 
IL-lra (hlL-lra). The bacteria secreted hlL-lra into 
the culture medium at very high levels, approximately 
200 milligrams per liter. The protein was isolated in 
one-step purification with monoclonal antibody 
against hlL-lra. The IL-lra molecule was functionally 
active by the inhibiting assay of human IL-1 induced 
cell proliferation in a mouse T cell line DION4M. 

Inhibition of RANTES/CCR1 Mediated Chemotaxis by 
Novel Cosalane Compounds 
O.M. Zack Howard1*, Hui Fang Dong1*, Shabana Insaf2, 
K. C. Santhosh2, Mark Cushman2 and Joost J. 
Oppenheim3   lIRSP, SAIC Frederick, 3Laboratory of 
Molecular Immunoregulation, National Cancer Institute-Frederick 
Cancer Research and Development Center, Frederick, MD 21702 
2Purdue University West Lafayette, IN 47907 'Supported by NCI 
Contract No NOI-CO-56000 

Chemokines and their receptors play a desirable 
role in immune function. However, they also 
contribute to chronic inflammation and auto-immune 
disease. RANTES through its interaction with CCR1, 
CCR3, or CCR5 has been implicated in asthma, 
rheumatoid arthritis, and respiratory injury. Earlier 
studies showed that cosalane (a polyanionic 
compound) and its analogs have immuno-modulatory 
effects. We therefore examined the ability of cosalane 
and several analogs to inhibit monocyte chemotaxis 
induced by various chemokines. We observed that 
cosalane and meto-carboxybenzyloxy analogs 
significantly inhibited RANTES-induced migration of 
human monocytes but did not inhibit migration induced 
by MlPla or MlPlß. Further investigation using 
single receptor HEK-293 transfectants showed that 
RANTES-induced migration of CCR1-HEK 
transfectants was inhibited. The one-half effective 
concentration was at the sublethal micromolar range for 
all cosalane analogs. Our data suggests that cosalane 
can selectively interfere with RANTES/CCR1 
interaction by binding RANTES. 
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EVIDENCE FOR p38-DEPENDENT AND p38-INDEPENDENT 
MECHANISMS OF NF-KB INHIBITION BY SODIUM 
SALICYLATE. D. ALPERT and J. Vilcek, NYU Sch. of Med., 
New York, NY 10016. 

Many effects of TNF are mediated by the transcription factor 
NF-KB. Sodium salicylalc (NaSal) inhibits NF-KB activation by 
blocking phosphorylation of the NF-KB inhibitor IKBOC. We have 
implicated p38 MAP kinase activation by NaSal in the inhibition 
of iKBa phosphorylation, and demonstrated that p38 activation 
may play a more general role in NF-KB inhibition. To determine 
the target of p38-mediated NF-KB inhibition in TNF signaling, we 
overexpressed various TNFR-1 signaling intermediates along with 
the p38 activator MKK6b(E) and analyzed (i) phosphorylation of 
cotransfectcd IKBa and (ii) NF-KB-dependent reporter activity. 
MKK6b(E) coexpression inhibited IxBa phosphorylation and NF- 
KB activation by TNFR-1 signaling intermediates upstream of the 
kinascs NIK and MEKK1, while NaSal inhibited these effects for 
all TNFR-I intermediates examined. This suggests that p38- 
mediated inhibition of NF-KB occurs upstream of NIK and 
MEKK1, and that NaSal may also exert p38-independent 
inhibitory effects further downstream. NaSal has been shown to 
inhibit the IKKß component of the IKK complex. We observed 
that treatment of intact cells with NaSal inhibited IKK activity 
induced by TNF, but not by IL-1. In contrast, in vitro treatment of 
immunoprecipitated IKK with NaSal comparably inhibited IKK 
activity from TNF- and IL-1-treated cells. Whereas the p38 
inhibitor SB203580 reversed the inhibition of TNF-induccd IKK 
activity by NaSal in intact cells, SB203580 failed to reverse the 
inhibition of immunoprecipitated IKK by NaSal in vitro. We 
conclude that direct inhibition of the IKK complex in vitro may not 
entirely reflect the inhibitory mechanism of NaSal in intact cells. 

VITAMIN C INHIBITION OF TNF-STIMULATED IKK 
ACTIVITY VIA p38 MAP KINASE. A.G. Bowie and L.A.J. 
O'Neill, Dept. of Biochemistry, Trinity College Dublin, Ireland. 

High dose vitamin C has been suggested as an anti-viral agent and 
as a therapy in a range of diseases including cancer and 
atherosclerosis. The transcription factor NFKB regulates the 
expression of a number of genes, some of which have roles in 
apoptosis and the development of atherosclerosis, as well as having 
a role in the replication of several viruses. Here, millimolar doses of 
vitamin C inhibited activation of NFKB by a range of stimuli, 
including interleukin-1 (IL1) and tumour necrosis factor (TNF), in a 
number of cell types. Although some antioxidants have been shown 
to block NFKB activation, the inhibition observed here was not 
primarily due to an antioxidant effect, since redox-insensitive 
pathways to NFKB were also blocked by vitamin C. At 
concentrations that inhibited NFKB, vitamin C was not toxic to cells, 
did not inhibit another transcription factor, Oct-1, and had no effect 
on the DNA binding of NFKB. Rather, degradation and 
phosphorylation of IKBCC were specifically blocked, due to inhibition 
of IKK activity. Surprisingly, treatment of cells with vitamin C led 
to a rapid and sustained activation of p38 MAP kinase. In the case of 
TNF-, but not ILl-mediated NFKB activation, the specific p38 
inhihibitor SB203580 reversed the inhibitory effect of vitamin C on 
IKK activity, IKBO: phosphorylation and NFKB activation. The 
results demonstrate that vitamin C is a good general inhibitor of 
NFKB. In the case of TNF, inhibition is mediated by a sustained 
activation of p38 MAP kinase, as has been previously demonstrated 
for sodium salicylalc inhibition of TNF-mediated NFKB (Schwenger 
et al, (1998) Mol. Cell. Biol. 18, 78-84). The results may also 
suggest a rationale for the reported anti-viral and other beneficial 
effects of high dose vitamin C. 



Abstracts 1935 

93 94 
THE DEATH DOMAIN OF THE INTERLEUKIN-I RECEPTOR 
ASSOCIATED KINASE (IRAK) IS CRUCIAL FOR IL-I 
SIGNALING. J.Knop and M.MARTIN, Pharmacology, Medical 
School Hannover, 30623 Hannover, Germany 

lnterleukin-1 (IL-I) stimulates the transient association ofthe IL- 
I Receptor Associated Kinase (IRAK) with the heterodimer of 1L- 
I Rl and IL-1 RAcP via the adapter protein MyD88. In the receptor 
complex IRAK becomes heavily phosphorylated by auto- or cross- 
phosphorylation. By homology search an N-terminal death domain 
(DD) and a central Ser/Thr kinase motif could be identified, while 
the C-terminus did not show any known homologies. We generated 
a series of IRAK deletion mutants and tested them for their ability 
to serve as substrate for IRAK'S kinase activity. Coprecipitation 
studies showed that the DD of IRAK - but not the kinase domain 
or the C-terminus - can interact with full length IRAK and becomes 
heavily phosphorylated by IRAK in vitro. Upon IL-I stimulation, 
IRAK'S death domain is thought to transiently interact with the 
upstream adaptor MyD88. As phosphorylated IRAK fails to 
interact with MyD88, our observation may give an explanation on 
how IRAK leaves the receptor complex after IL-1 stimulation. Next 
we asked, which domains of IRAK are essential for IL-1 signaling. 
While expression of full length or kinase-inactive IRAK clearly 
enhanced IL-I stimulated NFkB activation, a mutant lacking the C- 
terminus functioned as a dominant negative inhibitor. Additionaly, 
the DD alone potently inhibited IL-1 signaling, while IRAK 
mutants lacking the DD failed to interfere with IL-1 stimulated 
NFkB activity. In conclusion IRAK needs both, the N-terminal DD 
and its C-terminus but not it's kianse activity to transduce signals 
from the IL-1 receptor complex. 

SSI/SOCS FAMILY PROTEINS ARE INVOLVED IN THE 
NEGATIVE REGULATION FOR VARIOUS SIGNAL 
TRANSDUCTION PATHWAY. Yoshinori Kawazoe, Tetsuji 
Naka, Koichi Okumura, Minoru Fujimoto, Masashi Narazaki, 
Yoshiaki Morita, Reiko Nakagawa and Tadamitsu Kishimoto, 
Osaka Univ. Medical School, OSAKA, 565-0871, JAPAN 

STAT-induced STAT inibitor (SSI)-1 was first identified as a 
negative feedback regulator in the JAK-STAT pathway of 
cytokine signaling, and so far, at least eight members of SSI 
family gene (SSI-1-7 and CIS) have been isolated. Among 
these, SSI-1 and SSI-3 bind to JAK kinases, CIS binds to 
cytokine receptors, and consequently inhibit further signaling 
processes. But, little is known about the nature of other family 
member genes. To explore SSI associating protein, we 
performed two-hybrid screening with SSI-1, 2, 3, and 5 as a 
bait. Interestingly, almost positive clones appeared both 
receptor or non-receptor type kinase, for example, FAK and 
MDK1 for SSI-2, CaMK and guanylate kinase for SSI-5. 
Furthermore, in the course of confirmming the binding of these 
kinases to the SSI family protein in 293T cells, we found SSI-5 
bound to the Insuline receptor. As the SSI-1 null mice showed 
the low blood sugar level, we examined the effect of SSI family 
in insuline signaling. We found SSI-1, but not SSI-5 repressed 
the phosphorylation of IRS-1 after insulin stimulation in L929 
cells. Therefore, it was speculated SSI-1 inhibited insuline 
signaling pathway, further studies that prove the inhibition 
mechanism are now underway. These results suggested SSI 
family protein might be a negative regulator for the broad 
range of signal transduction as well as JAK-STAT pathway. 

95 
THE IL-15  RECEPTOR-a  CHAIN   SIGNALS   THROUGH 
ASSOCIATION WITH SYK KINASE. S. BULFONE-PAUS. 
V. Budagyan, and E. Bulanova, Univ. Hospital   Benjamin 
Franklin, Free Univ., Berlin, Germany. 

Interleukin 15 (IL-15) binds to and induces proliferation of 
lymphoid cells coexpressing the IL-15 receptor (IL-15Ra)-, 
IL-2Rß-, and y-chain. The IL-15Roc chain is the IL-15- 
specific, high affinity receptor, which is widely expressed, 
including on activated B cells and lymphoma cell lines. The 
IL-2Rß and y chains are known to transduce signals through 
the activation/association of kinases belonging to the JAK 
and the sre kinase families. It is still controversial whether 
the a chain by itself can induce a signal upon ligand binding. 
Here, we have explored this further in Raji cells, a human B - 
lymphoblastoid cell line which expresses the IL-15Ra and y 
chains, but lacks the ß chain. Stimulation of Raji cells with 
IL-15 induces their proliferation and rescues them from C2- 
ceramide-induced apoptosis. By immunoprecipitation and 
Western blotting, we show that stimulation of Raji cells by 
IL-15, but not IL-2, selectively coprecipitates Syk kinase 
with the IL-15ROC chain. Upon association, the activated Syk 
kinase phosphorylates the IL-15Ra chain (at tyrosine 
residue 227) and the phospholipase Cy, which also 
coprecipitates with Syk. Mutation of tyrosine 227 located in 
the intracellular part of the IL-15Ra chain inhibits Syk co- 
immunoprecipitation. Furthermore, treatment of Raji cells 
with dexamethasone downmodulates IL-15Ra expression and 
induces loss of its association with Syk. Our data suggest that 
Syk kinase physically and functionally associates with the 
IL-15Ra chain> in B cells and that Syk plays a key role in 
mediating the distinct functional consequences of IL-15 versus 
IL-2 binding to B cells. 

96 
TYROSINE PHOSPHATASE SHP-1 REGULATES 
CYTOSKELETAL PROTEINS IN MURINE MACROPHAGES: 
LACK OF SHP-1 LEADS TO DEGRANULATION OF 
CYTOSKELETAL ORGANIZATION IN MACROPHAGES OF 
MOTHEATEN (me/me) MICE. M. Kozlowski. H. Yang, F. Lee. 
0. Zoucva*, A. Ridsdalc, G. Graziani-Bowering and A. Kumar. 
Health Canada, Therapeutic Products Program and Dept. of 
Bioclicm. Microbiol. and Immunol. U. of Ottawa, Ontario, Canada. 

The SH2 domain-containing tyrosine phosphatase, SHP-1, 
regulates anligen/cytokine receptor-driven proliferative pathways. 
However, the role of SHP-1 in regulating (lie differentiation 
process is not understood. To explore this potential function of 
SHP-1. we lave taken advantage of macrophages from SHP-1 
deficient me/me mice and studied the effect of granulocyte- 
monocyte colony stimulating factor (GM-CSF) on tlieir 
morphology and induction of tyrosine phosphorylated proteins. 
We purified tyrosine phosphorylated proteins from me/me 
macrophages by using SHP-1SH2 domains-glutatluone-S- 
transfcrase fusion proteins and determined tlieir sequences. We 
show for the first time that SHP-1 interacts with two cytoskeletal 
proteins F-actin and gelsolin, which are constitutively tyrosine 
phosphorylated in me/me mice and are activated by GM-CSF. 
Their level of tyrosine phosphorylation is markedly increased in 
me/me cells as compared to controls, and correlates with the 
differential organization and rearrangements of cytoskeletal fibers 
as demonstrated by confocal microscopy. In addition, the proto- 
oncoprotcin VAV interacts with both SHP-1 and actin and the 
level of VAV-actin binding is enhanced in me/me macrophages. 
Our results suggest Uiat SHP-1 acts as an important regulator of 
cytoskeletal rearrangements involving a multimeric protein 
complex including actin, gelsolin and VAV. The hyper- 
phosphorylation of these proteins in the absence of SHP-1 may 
explain at least in part, the hyperproliferation and differentiation of 
nionoevtes/ macrophages in me/me mice. 
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S. aureus DOWN-REGULATES CXCR1 AND CXCR2 
EXPRESSION ON HUMAN NEUTROPHILS THROUGH TNF- 
MEDIATED PATHWAY. I.TIKHONOV, T.Doroshenko, 
Y.Chaly, V.Smolnikova, D. Horejsh, and N.Voitenok. 
Inst. Hematology and Blood Transfusion, Minsk, Belarus; Fund 
for Molecular Hematology and Immunology, Moscow; 
Department of Pathology and Laboratory Medicine, University of 
Wisconsin, Madison. 

Cellular response to chemokines may be regulated at the level 
of receptor expression on target cells. We suggested that bacterial 
products down-regulate leukocyte chemokine receptors during 
sepsis and this mechanism may account for impairment of 
leukocyte function", in septic syndrome. Previous studies 
indicated that endotoxin down-regulates the expression of CC and 
CXC receptors on leukocytes. Now, we have examined the effect 
of 5. aureus on expression of the IL-8 receptors CXCR1 and 
CXCR2 in PMN in the whole blood and purified PMN fraction. 
S. aureus down regulated the cell surface expression of both 
CXCR1 and CXCR2 and the effect was abrogated by antibody to 
TNF-alpha. LPS-induced inhibition of CXCR1 and CXCR2 
expression was independent of TNF. Endogenously produced IL- 
8 played no role in CXCR1 and CXCR2 modulation since the 
effect was not prevented by neutralizing antibody to IL-8. 

Exogenous TNF-alpha down-regulated the cell surface 
expression of both CXCR1 and CXCR2 on human PMN and 
inhibited both IL-8 binding and chemotactic responses to IL-8. 
The addition of a mixture of protease inhibitors prevented the 
decrease of CXCR1 and CXCR2 expression on PMNs, as 
assessed by flow cytometry, but was unable to prevent the 
decrease of ligand binding. TNF-alpha caused profound decrease 
ofCXCRl and substantial decrease of CXCR2 mRNA levels. 

The data imply that TNF-alpha produced during S. aureus 
septicemia inhibits CXCR1 and CXCR2 expression on PMN and 
plays a role in the impairment of leukocyte functions. 

INDUCTION OF FUNCTIONAL IL-8 RECEPTORS BY IL- 
4 AND IL-I3 IN HUMAN MONOCYTES 
Silvano Sozzani *, Raffaella Bonecchi *, Fabio FacchettiH, Stefano 
Dusi§, Daniele Lissandrinig, Massimo Locati *°, Paola 
Allavena*, Filippo Rossi§, and Alberto Mantovani *° 
•Istitutodi Ricerche Farmacologiche "Mario Negri", Milan, Italy; 
HDipartimento di Patologia, Universitä di Brescia, Brescia, Italy; 
§Dipartimento di Patologia Generale, Sezione Patologia Generate, 
Universitä di Verona, Verona, Italy; °§Dipartimento di 
Biotecnologie, Sezione Patologia Generale, Universita di Brescia, Brescia, 
Italy 

Monocytes migrate to some CC but not to CXC 
chemokines. Chemokine receptors can be modulated by 
inflammatory and anti-inflammatory cytokines. This study 
investigates the effect of interleukin(IL)-13 and IL-4 on chemokine 
receptor expression. IL-13/IL-4 did not alter CCR mRNA levels, 
but strongly increased CXCR1 and CXCR2 expression in human 
monocytes and in two related cell types, macrophages and 
dendritic cells. The effect was rapid, starting at 4 h, and 
concentration dependent (£C50=6.2 and 8.3 ng/ml for CXCRI and 
CXCR2, respectively) and due to new transcriptional activity. IL- 
13/lL-4-treated monocytes showed increased CXCRI and CXCR2 
membrane expression. In IL-13/IL-4 treated monocytes, IL-8 
induced activation of chemotaxis and Superoxide release. The effect 
of IL-8 was comparable to that observed with other monocyte active 
chemokines. Macrophages and dendritic cells present in biopsies 
from Omenn's syndrome and atopic dermatitis patients, two Th2 
skewed pathologies, expressed IL-8 receptors by 
immunohistochemistry. This study shows that monocytes exposed 
to IL-13/IL-4 become responsive to IL-8 and that this mechanism 
may contribute to formation of the mononuclear infiltrate that 
characterize Th2 responses and late phase reaction. Furthermore, it 
suggests that the selectivity of chemokines for their target cells may 
be altered by the cytokine context present at the inflammatory sites. 
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CHEMOKINE REDUNDANCY ENSURES LOCAL 
NEUTROPHIL RECRUITMENT. D. Remick. 
L.Green, D. Newcomb, S. Garg, G. Bolgos, and D. 
Call, U of Michigan, Ann Arbor, MI 48103 

Elevated plasma levels of IL-8 decrease neutrophil 
(PMN) recruitment to sites of local inflammation. We 
tested if IL-8 would reduce local PMN influx. Mice 
transgenic for human IL-8 were separated into IL-8 
pos (plasma>90 ng/ml) and IL-8 neg (IL-8< 1 ng/ml) 
mice Peripheral blood PMN from IL-8 pos and neg 
mice exhibited equal chemotaxis towards recombinant 
KC or MIP-2. IL-8 pos mice did not have improved 
survival or decreased peritoneal PMN recruitment in 
the cecal ligation and puncture model of sepsis. In an 
acute lung injury model induced by the intratracheal 
injection of acid, the IL-8 pos mice had equivalent 
alveolar PMN recruitment as the IL-8 neg mice. 
Additionally, there was no difference in the local 
recruitment of PMN when thioglycollate (thio) or 
glycogen was injected intraperitoneally. However, 
after thio injection the IL-8 pos mice had increased 
peritoneal levels of the murine CXC chemokines KC 
and MIP-2 compared to the IL-8 neg mice. These 
levels were nearly 3 fold higher in the IL-8 pos mice. 
Our data demonstrate that even with high plasma 
levels of IL-8, PMN are still recruited to local sites of 
inflammation. This influx is probably regulated by 
other, redundant CXC chemokines. 

IL-1 -MEDIATED STABILIZATION OF GRO-A MRNA 
DEPENDS ON SEQUENCES IN BOTH 5' AND 3' 
UNTRANSLATED REGIONS. T. A. Hamilton. R. 
Kishore, M. Kolosov, J. A. Major, and J. M. Tebo, 
Cleveland Clinic Fdn., Cleveland, OH 44195 

The mouse KC gene encodes a CXC family chemokine 
which, like human IL-8, recruits neutrophils to sites of 
inflammation. Both IL-1 and TNF can stimulate KC gene 
transcription in BALB/c 3T3 cells but mRNA accumulates 
to significantly higher levels in IL-1 treated cells. This 
results from IL-1 induced stabilization of KC mRNA. 
The effects of IL-1 on stabilization of KC mRNA are 
observed in multiple cell types including fibroblasts, 
endothelial cells, and epithelial cells. In order to 
determine if IL-1-mediated mRNA stabilization depends 
upon specific nucleotide sequence(s) within KC mRNA, 
the 5' and 3'UTRs of KC mRNA were placed in front of 
and behind the chloramphenicol acetyl transferase (CAT) 
gene in the pCATcontrol plasmid. Following transfection 
in BALB/c 3T3 cells, CAT activity and mRNA stability 
were examined following stimulation with IL-1. Inclusion 
of either the 3' or 5' untranslated regions of the KC gene 
did not alter the expression of CAT mRNA or protein. In 
contrast, plasmids which contained both the 5' and 3'UTRs 
produced modified CAT mRNA which decayed more 
rapidly than control CAT mRNA and this enhanced decay 
was prevented by treatment with IL-1. These findings 
indicate that IL-1 acts to stabilize specific mRNAs via 
nucleotide sequence motifs found in both the 5' and 3' 
UTR of sensitive mRNAs and further suggest that this 
response to IL-1 involves a signaling pathway distinct 
from that utilized to activate NFKB. 
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TARGETED DISRUPTION OF THE MIG GENE REVEALS A 
ROLE FOR MIG IN ANTIBODY PRODUCTION. M. Park. D. 
Amichay, E. Wick, P. Love, A. Grinberg, H. Westphal, A. 
Iwasaki, B. Kelsall, R. Rabin, K. Elkins, and J. Farber. NIH, FDA, 
Bethesda, MD 20892. 

MIG(CXCL9) is an IFNv-inducible CXC chemokine that is 
known to function as a chemotactic factor for human T cells, 
particularly following T cell activation, and is presumed to be 
involved in the recruitment of T cells to inflammatory sites. To 
investigate a possible role for MIG in host defenses, we produced 
mice with a targeted disruption of the mig gene and challenged 
them with the bacterial pathogen Franciscella tularensis. 
Surprisingly, and in multiple experiments, the MIG knockout 
(MKO) mice showed significant reductions of 50-80% in anti- 
Frtmciscellii antibody titers as compared with wild-type controls. 
In contrast, the MKO mice showed no deficiencies in antibody 
responses to standard T-dependent or T-independent antigens, 
demonstrating no intrinsic abnormality in B cell function. These 
results suggested that MIG played a role in T cell-B cell interaction 
and activation during the Thl-type response to this replicating 
pathogen. As in humans, we found that mouse CD4* and CDS* T 
cells could migrate to MIG. Although MIG had no effects on 
resting B cells, MIG induced both calcium signals and chemotaxis 
in B cells that had been activated through antigen receptors. 
Consistent with these findings, mRNA for CXCR3, the receptor 
for MIG, was dramatically upregulated in B cells following 
activation. In addition, IFNy could induce the expression of mig in 
B cells, CD4* and CDS* T cells, and lymphoid and myeloid 
dendritic cells (DC). Together, our data suggest that MIG and 
CXCR3 may be important not only in trafficking of T cells to 
peripheral inflammatory sites, but also in the aggregation of 
activated T cells and DC and T cells and B cells within lymphoid 
organs that are essential for antibody responses to pathogens. 

REGULATION       OF       CHEMOKINE       RECEPTOR 
EXPRESSION  IN  HUMAN  NK  CELLS 

C,   Pagiinin*. G. Bianchi*, N.  Polentarutti*, S.  Sivori*. A. 

Moretta*, A. Mantovani    and P. Allavena . 
" Department of Immunology "Mario Negri" Institute, 20157 Milano, Italy; 
"Section General Pathology University of Brescia, 25123 Brescia, Italy; 
"Department  Experimental Medicine, University of Genova. Italy 

To explore a possible role of chemokines in migration of 
NK cells the expression of chemokine receptors on human NK 
cells was investigated and the biological responses to chemokines 
were tested- by chemotaxis assay. Freshly isolated NK cells 
expressed mRNA forCCRI, CCR2 , CCR5, CCR6 and CCR7, 
CXCR3 and CXCR4 and CX3CR1; whereas CCR3, CCR4, 
CCR8, CXCR1, CXCR2 and CXCR5 were absent. Interestingly, 
expression of CCR4 mRNA was undeteclable although NK cells 
respond to MDC and TARC, ligands for CCR4. IL-2 activation of 
NK cells upregulated CCR1, CCR2, CCR5 and CCR6 and the 
effect was already observed after two hours of exposure. In contrast, 
IL-2 negatively regulated the expression of CCR7. Human NK 
cells express a series of inhibitory or activating receptors which 
regulate NK activity. We extended our studies to understand 
whether surface molecules that are involved in NK cell triggering 
can affect chemotactic response of NK cells. We have observed that 
exposure of NK cells to anti-CD 16 and anti NKp46 down- 
modulates the expression of CCR I and CCR5; the expression of 
other chemokine receptors is under investigation. In conclusion our 
data demonstrate that chemokine receptor expression on NK cells is 
regulated in different manner by activating soluble factors (e.g. IL- 
2) and by activating surface molecules (e.g. NKp46). These results 
will help clarifying the mechanism underlying extravasation of NK 
cells into various tissue. 
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FUNCTIONAL IRF4 is EXPRESSED IN MACROPHAGES AND 

REGULATES IL-lß GENE EXPRESSION. S. Marecki and M. J. 
Fenton. The Pulmonary Center and Department of 
Pathology, Boston Univ. Sch. Med., Boston, MA 02118. 

Interferon regulatory factor 4 (IRF4) and interferon 
consensus sequence binding protein (ICSBP) are members of 
the interferon regulatory factor (IRF) family. ICSBP 
expression is restricted to lymphoid and myeloid cells, 
whereas IRF4 expression has been reported to be lymphoid- 
restricted. We present evidence that primary murine and 
human macrophages express IRF4, thereby extending its 
range of expression to myeloid cells. We also found that 
these IRF proteins can form specific complexes with the Ets- 
like protein PU.l, and can activate transcription via binding 
to PU.l/IRF composite sequences. EMSA analysis revealed 
that murine macrophages contained both IRF4/PU.1 and 
1CSBP/PU.1 complexes. Over-expression of either IRF4 or 
ICSBP in both macrophages and fibroblasts suppressed 
transcription of the PU.l-independent H-2Ld MHC class I 
promoter. In macrophages, over-expression of IRF4 could 
activate an IL-lß reporter plasmid, whereas over-expression 
of ICSBP only weakly activated this promoter. Furthermore, 
both IRF4 and ICSBP could synergize with PU.l to activate 
transcription of the IL-lß promoter in fibroblasts. 
Synergistic activation of this promoter was found to require 
PU.l serine 148. A regulatory element that mediates 
1RF/PU.1 synergy was mapped to a region within the LPS- 
and cytokine-inducible enhancer element of the IL-lß gene. 
Together, these data demonstrate that IRF4 and ICSBP are 
dichotomous regulators of transcription in macrophages. 

Differential Activation of Type 1 Interferon Genes by 
Interferon Regulatory Factor 3 and 7, Rongtuan Lin, Pierre 
Cenin.Yael Mamane and John Hiscott, Lady Davis Institute for 
Medical Research, and Depts. of Microbiology and Immunology 
and Medicine, McGill University, Montreal CANADA H3T 1E2 
Recent studies implicate the interferon regulatory factors (IRF) - 
IRF-3 and IRF-7 - as key activators of the Type I interferon genes, 
as well as the RANTES chemokine gene. Because of the common 
and distinct biological features of IRF-3 and IRF-7, we sought to 
examine the differential regulation of several members of the Type I 
IFN gene family (1FNA and IFNB) by the interferon regulatory 
factors 3 and 7. Structure-function studies with IRF-7 identified a 
bipartite activation domain composed of a constitutive 
transactivation domain located between aal50 to aa246 and a 
negative regulatory domain between aa246 and aa416. A 
constitutively active form of IRF-7 was also generated by 
substitution of the Ser-477 and Ser-479 residues with the 
phosphomimetic Asp. IRF-7 - particularly IRF-7(D477/D479) - 
was a strong transactivator of type I interferon and RANTES 
chemokine gene expression. Unlike wild type IRF-3, IRF-7 
overexpression was able to stimulate IFN gene expression in the 
absence of virus infection. Using tagged versions of IRF-7 and IRF- 
3, formation of homo- and heterodimers was detected by cc- 
immunoprecipitation. Analysis of protein-DNA interactions revealed 
that rccombinant IRF-3 and IRF-7 proteins selectively bound to 
different regions of the IFNB promoter; IRF-3 associated 
preferentially to the PRDIII domain of the IFNB promoter, while 
IRF-7 interacted exclusively with the adjacent PRDI domain. 
Consistent with protein-DNA binding, IFNB, IFNA1 and IFNA2 
promoters were activated by co-expression of either IRF-3 or IRF-7, 
whereas IFNA4, IFNA7 and IFNA14 were exclusively activated by 
IRF-7. but not by IRF-3. These results demonstrate that both IRF-3 
and IRF-7 transcription factors possess unique functional 
characteristics and share complementary rather than redundant roles 
in the activation of the Type 1 interferon genes. 
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TRANSCRIPTIONAL REGULATION OF THE MGSA 
CHEMOKINE GENE BY THE IMMEDIATE UPSTREAM 
REGION (IUR). C NIRODI and A. Richmond, Vanderbilt Univ. 
Sch. Med., Nashville, TN 37232 and Dept. of Veterans Affairs, 
Nashville, TN37212. 

Constitutive expression of the chemokine, Melanoma Growth 
Stimulatory Activity (MGSA/GRO), is transcriptionally regulated 
through several positive cis-acting elements including NF-KB, SP1, 
HMGI(Y), and IUR. The IUR element (-97 to -117 bp) lies 
immediately upstream of the NF-KB element and is necessary for basal 
and cytokine-induced transcription of the MGSA/GRO gene. We 
have purified and identified two proteins which specifically bind the 
IUR element, a 115 kDa poly ADP ribose polymerase (PARP) and a 
170 kDa protein, the CCAAT displacement protein (CDP/Cut). Both 
anli-PARP and anti-Cut antibodies eliminated the IUR specific 
complexes in electrophoretic mobility shift analysis. In co- 
transfection experiments, over-expression of the Cut protein repressed 
MGSA promotor activity by 50%, while co-transfection with an anti- 
sense Cut construct led to a 5-6 fold increase in promotor activity. 
The data indicate that Cut represses MGSA/GRO expression by 
binding to the IUR element. We show that purified PARP can bind 
the IUR clement in a sequence specific manner. Inhibition of PARP 
self-ADP ribosylation by 3-amino benzamide elevated MGSA mRNA 
levels up to four fold. The data indicate that PARP may relieve Cut- 
mediated repression by interactions with the IUR element. Altogether, 
these data suggest a mechanism of MGSA/GRO transcriptional 
regulation in which the IUR element is the locus of dynamic 
intcralions involving Cut and PARP. 

106 
AN NFKB ELEMENT FLANKING SEQUENCE OF THE IL-8 
PROMOTOR IS INVOLVED IN BOTH, TRANSCRIPTIONAL 
REPRESSION AND INDUCTION BY IL-1. M.Nourbakhsh 
S.Eickemeier*, H.Hauser1, KResch2, and M.Kracht, 
department of Gene Regulation and Differentiation, GBF- 
National Institute for Biotechnology, D-38124 Braunschweig and 
institute of Molecular Pharmacology, Medical School 
Hannover, D-30625 Hannover, Germany 

lnterleukin-8 (IL-8), a prototypic chemokine, can be rapidly 
induced by the pro-inflammatory cytokine IL-1, but is barely 
detectable in non-induced cells. Very little is known about the 
c/s-elements and frans-acting factors involved in silencing of the 
IL-3 promotor and how these may interact with known positive 
transcriptional regulators of IL-8, such as NFKB. By sequence 
comparison with the IFN-ß promotor we found a negative 
regulatory element (NRE) in the IL-8 promotor overlapping 
partially with the NFKB response element. The novel NFKB 
repressing factor NRF is present in the nucleus of untreated 
HeLa cells and binds in vitro and in vivo to the IL-8 promotor 
NRE. Inducible overexpression of an NRF antisense RNA leads 
to spontaneous IL-8 gene expression, which is compatible with 
NRF functioning as a transcriptional repressor. Mutation of two 
basepairs of the NRE immediately adjacent to the NFKB site 
significantly reduces IL-8 transcription induced by the 
(»expressed protein kinases MEKK1 and TAK1 or by IL-1 
treatment In vitro, this NRE mutation abolishes DNA binding of 
NRF, but importantly, does not affect nuclear translocation, DNA 
binding and transcriptional activity of NFKB p65. These data 
provide evidence for a dual role of the NRE in IL-8 transcription. 
While in the absence of stimulation it binds the repressor NRF 
and is involved in transcriptional silencing, in IL-1-induced cells it 
is required for ful1 induction of the IL-8 promotor, in addition to 
NFKB. We thus identify a hitherto unrecognized molecular 
mechanism of IL-8 gene regulation. 

107 
A NOVEL 3'-UTR ELEMENT IN THE TNF-a GENE 
ACTIVATES PKR TO ENHANCE mRNA SPLICING 
WITHOUT IMPEDING TRANSLATION 
Farhat Osman, Nayef Jarrous, Yitzhak Ben-Asouli 
and Raymond KAEMPFER, The Hebrew University- 
Hadassah Medical School, 91120 Jerusalem, Israel 

We show here that the human TNF-a 3'-UTR contains 
a c/s-acting element that renders splicing of precursor 
transcripts dependent upon the activation of PKR. When 
this element, designated 2-APRE, is present, splicing 
becomes sensitive to inhibition by the PKR inhibitor, 2- 
aminopurine, or by co-expression of transdominant- 
negative mutant PKR. Conversely, splicing is enhanced 
20-fold when wild type PKR is overexpressed, showing 
that activation of PKR is not only necessary for splicing 
of mRNA when precursor transcripts contain the 2-APRE 
but also makes it more efficient. Thus, PKR responds as 
frans-acting factor to the 2-APRE. Deletion of the 2- 
APRE, or its replacement by TNF-p 3'-UTR sequences, 
frees splicing from a dependence on PKR activation, 
while its insertion into the TNF-ß 3-UTR leads to gain of 
this control. 2-APRE RNA forms a stable, 17-bp stem- 
loop structure and strongly activates PKR in vitro, 
inducing elF2a phosphorylation. We show that despite its 
ability to activate PKR during nuclear splicing, the 2- 
APRE does not noticeably affect the translation 
efficiency of the resulting TNF-a mRNA in the cytoplasm. 
PKR and the 3'-UTR thus regulate mRNA splicing to 
permit a more efficient expression of the TNF-a gene. 

108 
ANALYSIS OF SIGNALING FACTORS INVOLVED 
IN IFN-Y INDUCTION OF EDO.   M.Du, W. Sotero, 
and M.W. Taylor Indiana University, Bloomington, IN. 

47405. 
IFN-y treatment of the human cervical carcinoma 

cell line ME180 results in cell death due to the 
induction of indoleamine 2,3 dioxygenase (EDO) and 
resulting starvation for tryptophan. A mutant cell line 
3B6A derived from ME180 was resistant to EFN due 
to loss of IDO activity. Cotransfection of an EDO 
promoter-CAT construct with IRF-1 resulted in 
induction of CAT activity in both ME 180 and 3B6A 
cells even in the absence of IFN-y. However, IRF-1 
expression was not able to restore IDO activity 
suggesting a possible repressor site outside of the 
IDO promoter. STAT-1 transfection restored both 
CAT and EDO activities in 3B6A cells following EFN- 
Y treatment. 3B6A doubly treated with IFN-y and 
IFN-a or ß, but not TNF-ß or all-trans-retinoic acid 
(ATRA), restored IDO activity although neither 
cytokine on its own could induce EDO. Western blot 
analysis showed that both constitutive expression and 
induction of STAT-1 by IFN-y were much reduced in 
3B6A cells and double treatment of EFN-y with EFN-a 
or ß restored the expression level of STAT-1. These 
data indicated that the defect in 3B6A cells was 
reduced expression of STAT-1 and that ERF-1, NF- 
kB, and PKR were all involved to some extent in the 
induction of EDO following EFN-y treatment. 
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ONCOGENIC EFFECTS OF DYSREGULATION OF 
M-RAS 
John W. Schrader, Frances Lee, Götz R.A. Ehrhardt 
The Biomedical Research Centre, The University of 
British   Columbia,   2222   Health   Sciences   Mall, 
Vancouver, BC, Canada, V6T 1Z3 

M-Ras is a newly described, highly conserved 
member of the Ras superfamily. Available data suggest 
that M-Ras is activated in parallel with p21 Ras by 
cytokines and other stimuli but engages a distinct set of 
downstream effectors. Dominant-negative Ras 
mutants and the monoclonal antibody Y13-259, fail to 
discriminate between M-Ras and p21 Ras, mandating 
re-evaluation of data on p21 Ras. Expression of the 
constitutively active mutant M-Ras G22V, in the IL-3 
dependent hemopoietic cell-line R6-X, increased 
survival and growth in the absence of IL-3 but 
decreased growth in the presence of IL-3. In 
syngeneic animals, R6-X cells expressing M-Ras G22V 
proliferated rapidly, replacing the hemopoietic ce'ls of 
the bone-marrow, entering the blood and infiltrating 
spleen, lung, liver and kidneys. The parental cell-line 
R6-X is bipotential and, when grown in vitro in IL-3, 
generates mast cells and megakaryocytes, but not 
platelets. However, when injected in syngeneic mice, 
R6-X cells expressing M-Ras G22V gave rise to 
platelets. M-Ras thus has positive and negative effects 
on the growth of hemopoeitic cells and may regulate 
differentiation of megakaryocytes. 

CYTOKINE-1NDUCED mRNA STABILIZATION VIA THE p38 
MAP KINASE PATHWAY: A ROLE FOR MAP KINASE-ACTI- 
VATED PROTEIN KINASE 2 AND AU-RICH CIS-ELEMENTS. 
R. Winzen1, M. Kracht1, B. Ritter', A. Wilhelm', C.-Y. A. Chen2, 
A.-B. Shyu2, M. Müller3, M. Gaestel3, K. Resch' and H. Holtmann' 
'Med. School, D-30623 Hannover (Ger), 2Univ. Texas, Houston, 
TX 77030 and 3Martin-Luther-Univ., D-06099 Halle (Ger) 

Stabilization of mRNAs contributes to the strong and rapid induc- 
tion of genes in inflammation. The signaling mechanisms involved 
in mRNA stabilization were investigated by determining the half 
lives of mRNAs expressed using a tetracycline regulatable promoter 
system. After transcriptional shut-off the mRNAs of interleukin 
(IL-)6 and IL-8 rapidly disappeared in untreated HeLa cells, indi- 
cating a high basal degradation rate. mRNA half lives were mar- 
kedly increased in cells expressing the catalytic domain of the MAP 
kinase kinase kinase MEKK1. Destabilization and signal-induced 
stabilization was transferred to the stable ß-globin mRNA by AU- 
rich region-containing fragments of IL-8 and IL-6 mRNAs, and 
also by defined AU-rich elements (ARE) of the c-fos and GM-CSF 
mRNAs. Of the different signaling pathways activated by MEKK1, 
no significant effects on mRNA degradation were observed for the 
SAPK/JNK, ERK and NF-KB pathways. In contrast, selective 
activation of the p38 MAP kinase pathway by MAP kinase kinase 6 
induced mRNA stabilization, whereas a dominant negative mutant 
of p38 MAP kinase interfered with MEKK1 as well as with IL-1- 
induced stabilization. Furthermore, an active form of the p38 MAP 
kinase-activated protein kinase MAPKAPK2 (MK2) induced 
mRNA stabilization, whereas a negative interfering MK2 mutant 
interfered with MAP kinase kinase 6-induced stabilization. These 
findings indicate that the p38 MAP kinase pathway contributes to 
cytokine/stress-induced gene expression by stabilizing mRNAs via 
MK2 and an ARE-targeted mechanism. 

111 112 
p38 MAPK REGULATES PRO-INFLAMMATORY 
mRNA STABILITY VIA MAPKAPK2. A.R. CLARK. M. 
Lasa and J. Saklatvala. Kennedy Institute of Rheumatology, 
London W6 8LH, UK. 

Inflammatory stimuli (for example IL-I, TNF and LPS) all 
activate the p38 MAPK cascade (MKK6 -> p38 MAPK -> 
MAPKAPK2 -> hsp27). The function of this p38 kinase 
cascade in inflammation is uncertain, however studies using 
pharmacological inhibitors of transcription and of p38 
activity implicate the cascade in the regulation of stability of 
pro-inflammatory mRNAs such as cyclooxygenase 2 (Cox 
2). Here we describe an mRNA stability assay in which a 
chimeric ß-globin/Cox 2 mRNA is expressed under the 
control of a tetracycline-responsive ("tet-off") promoter. We 
demonstrate that the 2.5 kb-long 3' untranslated region (3' 
UTR) of Cox 2 mRNA contains p38-responsive 
destabilising elements. Chimeric ß-globin/Cox 2 mRNAs 
are inherently unstable, but can be stabilised by 
constitutively-active MKK6 and MAPKAPK2. Stabilisation 
can be reversed by blockade of the p38 pathway using 
dominant negative MAPKAPK2, or the p38-specific 
inhibitor SB203580. The p38 response resides within a 
short (120 nucleotide) stretch which contains only 6 of the 
22 copies of the AUUUA "instability motif present within 
the 3' UTR. These results confirm our previous 
observations made with pharmacological inhibitors. They 
provide the first direct evidence that p38 regulates Cox 2 
mRNA stability through the 3' UTR, and that this regulation 
is mediated by the kinase MAPKAPK2. 

IL-1 ACTIVATES RAS AND RAP IN EL4.NOB-1 CELLS: 
A ROLE FOR RAS IN p38 MAPK ACTIVATION BY IL-1. 
E. M. Palsson. M.R. Popoff, and L.A.J. O'Neill. Dept. of 
Biochemistry, Trinity College, Dublin, Ireland 

In order to investigate the role of small G proteins in IL-1 
signal transduction, we have utilised two approaches. The 
first of these involved lethal toxin from Clostridium sordellii, 
which specifically inactivates Ras, Rap, Rac, and Ral. This 
toxin inhibited p38 MAP kinase activation by IL-1 in 
EL4.NOB-1 cells. The target for the toxin was likely to be a 
Ras family member since Toxin B, from Clostridium difficile, 
which inhibits Rac, Cdc42, and Rho was without effect. To 
explore these phenomena further, we used the second 
approach, which involved dominant negative and 
constitutively active versions of Ras and Rap. Dominant 
negative RasN17 inhibited the p38 MAPK activation by IL-1, 
while active RasVHa activated p38 MAPK. Intriguingly, the 
opposite was true for Rap, whereby dominant negative 
RaplAN17 activated p38 MAPK with active RaplAV12 
inhibiting IL-1 mediated activation. This result is consistent 
with Rap antagonising Ras function. IL-1 also activated Ras 
and Rap in EL4.NOB-1, the activation of Rap occurring at a 
later time point to Ras. 
Our studies therefore provide clear evidence for Ras as a 
signalling component in the activation of p38 MAPK by IL- 
1, with Rap having an inhibitory effect. 
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ROLE   OF   MAP   KINASES   IN   IL-lß   SYNTHESIS 
INDUCED BY ENGAGEMENT OF CDllb AND CDllc 
ß2 INTEGRINS ON HUMAN MONOCYTES. 
R. REZZONICO, R. Cliicheportiche, V. Imbert and J.-M. Dayer. 
Division of Immunology and Allergy, University Hospital, Geneva 
14, Switzerland. 

ß2 integrins are involved in the recruitment of leukocytes to 
inflammatory sites and in cellular activation. We demonstrate that 
ligation of CDllb (Mac-1, CR3) or CDllc (pl50. CR4) alpha 
chains of ß2 integrins by mAbs (clones ICRF44 or 44 and BU15 or 
3.9 respectively) or soluble chimeric CD23 (obtained from Glaxo), 
on human monocytes rapidly induces high level of interleukin-l(3 
production. This induction takes place at the transcriptional level 
and is regulated by MAP kinases family members. Indeed, 
stimulation of monocytes through engagement of CDllb or CDllc 
by mAbs or sCD23 fusion proteins, results in the phosphorylation 
and activation of the ERK1, ERK2 and p38 MAP-related ki/iases. 
U0126 and PD98059, inhibitors of the upstream activator of 
ERKI/2, the MEK1/2, suppress IL-lß inRNA expression in a dose 
dependent fashion showing the implication of this pathway in the 
transcriptional control of IL-lß production. On the other hand, 
inhibition of the p38/SAPK2 by SB203580 indicates that this 
pathway seems rather to be involved in the control of IL-lß 
production at a pre-translational level. Together these data 
demonstrate that engagement of CD 1 lb and CD1 lc ß2 integrins by 
mAbs or sCD23 lead to the activation of distinct MAP kinases 
family members that subsequently control IL-lß synthesis at 
different levels. 

114 
AN INHIBITORY ROLE FOR THE PSEUDOKINASE DOMAIN 
IN REGULATION OF THE JAK2 TYROSINE KINASE. 
P. Saharinen'. K. Takaluoma' and O. Silvennoinen1'2, 
'Haartman Institute, Department of Virology, P.O. Box 21, 
FIN-00014 University of Helsinki, Finland, 2Institute of 
Medical Technology, Tampere, Finland 

Hematopoietic cytokine receptors utilize the Jak/STAT 
pathway to mediate signals from ligand bound receptor to 
nucleus. The Jak2 tyrosine kinase is critical in signal 
transduction through several cytokine receptors such as EPO 
and IFN-Y receptors. Jak kinases are characterized by a 
tandem kinase domain structure. A tyrosine kinase domain is 
located in the C-terminus and preceded by a pseudokinase 
domain. The pseudokinase domain has sequence similarity to 
kinase domains, but its function is currently unknown. To 
analyze the roles of the different protein domains of Jak2 we 
constructed a series of Jak2 deletion constructs. These 
constructs were expressed in 293T cells, where activation of 
Jak2 is ligand independent. Deletion of the pseudokinase 
domain activated Jak2 markedly, whereas deletions in the N- 
terminal region did not significantly affect the activity of 
Jak2. Deletion of the pseudokinase domain of Jak2 resulted 
also in enhanced activation of Stat5. As predicted, deletion of 
the kinase domain resulted in catalytically inactive Jak2. This 
deletion co-immunoprecipitated with and inhibited the activity 
of the co-expressed kinase domain, and this inhibition 
required the pseudokinase domain. Furthermore, expression of 
a Jak2 mutant lacking the pseudokinase domain in a Jak2 
deficient cell line deregulated IFN-Y signaling and caused 
constitutive ligand-independent activation of Statl. These 
results suggest that the pseudokinase domain plays an 
important regulatory role in activation of Jak2. 

115 
REDOX  REGULATION OF CHEMOKINE 

RECEPTOR   EXPRESSION 
Alessandra Saccani§, Simona Saccani§, Simone Orlando§, Sergio 
Bernasconi§,   Pietro   Ghezzi§,   Alberto   Mantovani§*,   Antonio 
Sica§. 
§Istituio di Ricerche Farmacologiche "Mario Negri", via Eritrea 62, 
20157   Milan,   Italy;   »Section   of  Pathology   and   Immunology, 
Department of Biotechnology, University of Brescia Italy; 

Cytokines and reactive oxygen intermediates (ROI) are 
frequent companions at sites of acute inflammation. We have 
previously shown that in human monocytes LPS, IL-1 and TNF-a, 
induce a rapid downregulation of the Monocyte Chemotactic 
Protein-1 receptor (CCR2). These stimuli also induce production of 
ROI. Here we investigated the influence of antioxidants and/or ROI 
on chemokine receptors expression. In human monocytes, the 
antioxidant pyrrolidine dithiocarbamate (PDTC) rapidly inhibited 
CCR2 and CCR5 mRNA expression, by strongly decreasing 
transcript stability. This inhibitory activity included also CXCR4, 
but not CXCR2 receptor and, although to a lesser extent, was 
shared by the antioxidants N-Acetyl-L-cysteine (NAC) and ß- 
mercaptoethanol. In contrast, the ROI-generating system 
Xanthine/Xanthine Oxidase (X/XO) increased CCR5 and CXCR4 
mRNA expression, and this effect was counteracted by PDTC. 
Accordingly, H202 and the GSH depleting drug Buthionine 

Sulfoximine (BSO) increased to different extent CCR2, CCR5 and 
CXCR4 mRNA expression. The PDTC-mediated inhibition of 
CCR5 and CXCR4 mRNA expression was associated with 
decreased chemotactic responsiveness and with a marked inhibition 
of surface receptor expression. These results suggest that the redox 
status of cells is a crucial determinant in the regulation of 
chemokines system with potential relevance in HIV infection and 
inflammatory diseases. 

116 
CCR5, CXCR4, AND CD4 ARE CLUSTERED AND 
LOCALIZED ON MICROVILLI OF HUMAN MACROPHAGES 
AND T-CELLS VIA IMMUNO-EM. I. SINGER. S. Scott, 
D. Kawka, J. Chin, B. Daugherty, J. DeMartino, J. Di Salvo, 
S. Gould, L. Malkowitz, L. Mitnaul, M.-J. Staruch, H. Williams, 
H. Zweerink, and M. Springer. Department of Immunology & 
Rheumatology, Merck Research Laboratories, Rahway, NJ 07065 

The chemokine receptors CCR5 and CXCR4 act synergistically 
with CD4 in an ordered multi-step mechanism to allow the binding 
and entry of H1V-1. The efficiency of such a coordinated 
mechanism depends on the spatial distribution of the participating 
molecules on the cell surface. Immuno-EM was performed to 
address the subcellular localization of the receptors and CD4 at 
high resolution. Cells were fixed, cryo-processed, frozen, and 
80 nM cryosections generated that were double labeled with 
combinations of CCR5, CXCR4, and CD4 antibodies, and then 
stained with immunogold. Surprisingly, CCR5, CXCR4, and CD4 
were found predominantly on microvilli, and appeared to form 
homogeneous micro-clusters in all cell types examined, including 
macrophages and T-cells. Further, while mixed micro-clusters were 
not observed, micro-clusters of different molecules were frequently 
separated by distances less than the diameter of an HIV-1 virion. 
Homogeneous clusters of chemokine receptors were observed in 
small trans-Golgi vesicles implying that such clusters were 
organized shortly after synthesis. These results strongly suggest 
that CCR5, CXCR4, and CD4 are distributed in a manner which 
facilitates cooperative receptor interactions during HIV-1 
adsorption to, and penetration of human leukocytes. Moreover, 
since selectins, some integrins, and actin are also located on/in the 
microvillus, this organelle has many of the major elements required 
for chemotaxis. 
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MOLECULAR MODELING AND 
MUTATIONAL ANALYSIS OF CCR5 IN 
CHEMOKINE BINDING AND HIV-1 ENTRY* 

N. Zhou, Z. Luo, J. Luo, J. W. Hall, X. Han and Z. 
Huang. Kimme! Cancer Institute, Jefferson Medical 
College, Thomas Jefferson University, Philadelphia, PA 
19107 

The human CC chemokine receptor 5 (CCR5) is the 
receptor for several chemokines such as macrophage 
inflammatory protein 1 ß (MIP-lß) and the coreceptor 
for the entry of human immunodeficiency virus type 1 
(HIV-1). An approach combining protein structure 
modeling and site-directed mutagenesis was used to 
probe the structure of CCR5 and its interactions with 
chemokine ligands and HIV-1. Hypothetical three- 
dimensional structures were proposed for the CCR5- 
MIP-lß complex, which served as a useful vehicle to 
rationalize data from genetic and molecular biological 
experiments. These models were further tested by site- 
directed mutagenesis of the amino-terminal (Nt) region 
and the second extracellular loop (ECL2) of CCR5. 
These structural and mutational studies provided 
valuable information about the structural basis for 
CCR5 activity in chemokine binding and HTV-1 viral 
entry and may guide the design of novel inhibitors. 

CD62L" AND CD62L* MEMORY CD4* T CELLS 
DIFFERENTIALLY SUPPORT M-TROPIC HIV 
REPLICATION. M. MENGOZZ1. S.C. De Rosa, E. Vicenzi, G. 
Poli, M. Malipatlolla, L.A. Herzenberg, L.A. Herzenberg and M. 
Roederer, Stanford Univ., Stanford, CA 94305-5318, San Raffaele 
Scientific Institute, 20132 Milano, Italy and Univ. of California at 
San Francisco, CA 94143-0422. 

CCR5, the major coreceptor for M-tropic (R5) HIV-1 strains, is 
expressed by -50% of memory CD45RAXD62L" CD4 T (Ml) 
cells and by only a small fraction of memory CD45RA"CD62L* 
(M2) cells. We studied the ability of Ml and M2 to support R5 
HIV replication upon CD28 costimulation. Ml and M2 cells were 
sorted, infected with HIV-1 BaL and stimulated either with 
antiCD3/B7.1 or with antiCD3/CD28-coated beads. After 
antiCD3/B7.1 stimulation, total CD4 and both Ml and M2 
efficiently supported HIV replication, indicating that the low CCR5 
levels on M2 are sufficient for infection to occur. However, when 
antiCD3/CD28 beads were used as a stimulus, only Ml were able 
to efficiently support HIV replication; only very low levels of HIV 
RT activity could be detected in sorted M2 or even in bulk CD4 
(comprised of Ml, M2, and naive T cells)-apparently, bulk CD4 T 
cell;, could inhibit viral replication that occurs in purified Ml cells. 
This inhibition was also observed by adding M2 or naive T cells 
(that make very low levels of ß-chemokines) to Ml cells. June et 
al. had previously described that antiCD3/CD28 stimulation 
induces a state of resistance to R5 HIV in bulk CD4, due to 
decreased CCR5 expression and increased ß-chemokine production. 
However, antiCD3/CD28-stimulated Ml cells produced higher 
levels of MIP-a, MIP-lß and RANTES than M2 and bulk CD4. 
Moreover, inhibition of HIV replication in co-cultures did not 
correlate with ß-chemokinc production. Our data demonstrate that 
other mechanisms (than downregulation of CCR5 and expression of 
ß-chemokines) exist that can induce resistance to R5 HIV strains in 
CD4 T cells, and that these inhibitory mechanisms are selectively 
expressed by nai've and M2 CD4 T cells. 

119 
SEMI-ALLOGENEIC CELL HYBRIDS STIMULATE 
HIV-1 ENVELOPE-SPECIFIC CYTOTOXIC T 
LYMPHOCYTES. 
Edith Grene, Danforth A. Newton', Edwin A. Brown", Jay A. 
BerzofskyJ, Sebastiano Gattoni-Celli1, Gene M. Shearer. Exptl. 
Immunol, and 'Metabolism Branches, NCI, NIH, Bethesda, MD 
20892 USA, 'Dept. of Radiation Oncol, and 3Dept. of Medicine, 
MUSC, Charleston, SC 29425, USA. 

Several studies suggest that immunity to human leukocyte 
antigens (HLA) may protect against HIV infection, and raise the 
possibility that stimulation of the allogeneic T helper (Th) 
response could be used in the immune-based therapy to drive 
HIV-specific cytotoxic T cells (CTL). To enhance the 
simultaneous interaction of allogeneic Th, HIV-specific CTL, 
and antigen presenting cells (APC), we prepared semi-allogeneic 
cell hybrids from the fusion of HIV-positive donor PBMC with 
the FOl-12 allogeneic melanoma cell line. These hybrids were 
used as APC for HIV envelope peptide-specific cytotoxic assays. 
The hybrids express HLA class I and II antigens from both 
parental cells. HIV-specific CTL activity was generated when 
patients' PBMC were stimulated with a pool of envelope peptides 
plus semi-allogeneic hybrids, but not with either envelope 
peptides or hybrid cells alone. Thus, the semi-allogeneic hybrids 
enhanced HIV-specific CTL. Irradiated, semi-allogeneic cell 
hybrids engineered for individual AIDS patients provide efficient 
and simultaneous co-recognition of HLA allogeneic and viral 
antigenic determinants presented by self-HLA molecules on the 
same APC that can result in the generation of enhanced HIV- 
specific CTL activity. 

120 
POLYMORPHISM IN CONTROL REGIONS OF CHEMOKINE 
AND CYTOFCINE GENES. J. H. Bream. M. Carrington, M. 
Martin, A. Ping, C. Winkler, M. Smith, H. D. Shin, S. J. O'Brien, 
H. A. Young, LEI and LGD, NCI-FCRDC, Frederick, MD 21702- 
1201. 

The identification of polymorphic loci in cis-acting portions of 
genes, offers a potential mechanism to explain at least in part, 
intcrindividual differences in gene expression and disease 
pathogenesis. Relative to some disease states, this may be 
particularly true for genes involved in the control of immune 
responses. Our group has recently focused on this hypothesis in 
two ways: 1) relating novel as well as known polymorphisms in 
cytokine and chemokine genes to different disease outcomes, and 2) 
screening for functional differences between alleles. Thus far, 
novel or previously known single nucleotide polymorphisms (SNP) 
in the promoters of CCR5, and IL-10, were found to associate with 
progression rates of HIV-1 infection. We have indications that 
there may be function?! differences between the wild type (WT) 
and variant alleles as evidenced by protein expression and/or DNA 
protein interactions. Likewise, SNPs in the proximal human IFN-y 
and IL-lß promoters have differential DNA-binding activities 
between WT and variant sequences that for IL-13, is cell-type, and 
stimulus specific. By gel-shift analysis, differential binding 
patterns between IL-10 alleles have been demonstrated in nuclear 
extracts from LPS-stimulated fresh monocytes,. but not PMA + 
ionomycin-stimulated monocytes or T cells. A rare SNP in the 
proximal human IFN-y promoter creates a new DNA-binding site 
with sequence homology to AP-1. Nuclear extracts from fresh 
human T cells stimulated with P/I form a unique DNA-protein 
complex on the variant sequence as compared to WT. Currently we 
are trying to identify signal transduction pathways leading to 
functional differences in gene expression between WT and variant 
alleles in hopes of better understanding disease pathogenesis. 



942 / Abstracts 

121 

THE NFKB SUBUNIT P50 TRANSACTIVATES, WHILE P65 
REPRESSES EXPRESSION OF C-REACTIVE PROTEIN (CRP). 
A. Agrawal, C. Hyunjoo, D. Samols and I. KUSHNER. Case 
Western Reserve Univ. and MetroHealth Med. Center, Cleveland, 
OH 44109. 

IL-6 activates transcription of the acute phase protein CRP in Hep 
3B cells while IL-lß, which alone has no effect, is markedly 
synergistic in combination with IL-6. Previous studies of 123 bp of 
the CRP promoter showed that C/EBP isoforms and STAT3 were 
major mediators of the IL-6 effect. The transcription factors 
responsible for IL-lß synergy are unknown. Since IL-lß activates 
the NFKB system and nonconsensus potential KB sites appear to 
flank the C/EBP binding site and to overlap the STAT3 binding site 
in the proximal CRP promoter, we explored the effects of rel family 
members on CRP expression. Overexpression of the NFKB subunit 
p50 transactivated a series of 7 deletion constructs of the CRP 
promoter extending from -904 to -86, an effect greatly enhanced by 
both IL-6 and IL-lß. In contrast, overexpressed p65 inhibited the 
response of-157 CRP-luciferase to cytokines, overexpressed p50, 
overexpressed C/EBPß, and their combinations. To determine if p50 
was associated with the CRP promoter, we performed 
electrophoretic mobility shift assays employing a 24-bp probe 
containing the C/EBP binding site at position -50 to -55 of the CRP 
promoter. We found p50, but not p65, present in complexes with 
C/EBPß and C/EBP8 following IL-6 treatment. The p50 binding site 
was positioned in a polypyrimidine tract just 3' to the C/EBP binding 
site. We conclude that p50, but not p65, can act as a positive 
effector of cytokine responses on the CRP gene. We speculate that 
p50 homodimers stabilize C/EBP isoform binding to the CRP 
promoter and that IL-lß synergy is due to increased availability of 
p50 after IL-lß exposure. The inhibitory effect of overexpressed 
p65 may be attributed to its ability to bind p50 and prevent formation 
of p50 homodimers. (Supported by NIH grant AG02467) 

122 
ANALYSIS OF INTERFERON TYPE I RECEPTOR 
ACTIVATION USING CYTOKINE RECEPTOR CHIMERAS. 
X. VAN OSTADE. E. PATTYN, L. SCHAUVLIEOE, A. VERHEE, M. 
KALAI, J. VANDEKERCKHOVE AND J. TAVERNIER, Department of 
Medical Protein Research, Flanders Interuniversity Institute for 
Biotechnology, University of Ghent, Faculty of Medicine, K.L. 
Ledeganckstraat 35, 9000 Gent, Belgium 

We constructed chimeric receptors, comprising the extracellular 
domains of the Epo receptor or the interleukin-5 receptor a (IL- 
5Ra) or ß (ßc) subunits, fused to the transmembranc and 
intracellular domains of the interferon receptors IFNaRl and 
IFNaR2-2. Cells transfected with either the IL-5Rac„„/IFNaRlin,„ 
+ ßccxl„/IFNaR2-2i„lra or the reciprocal IL-5RaeIira/IFNaR2-2in,ra + 
ßc„„a/IFNaRlinM combinations could sustain IL-5 induced 
activation of the IFN-inducible 6-16 promoter, indicating that a 
certain degree of flexibility is allowed for IFNaR 
heterooligomerisation. In addition, expression of only 
EpoRell„a/IFNaR2-2i„1„ activated the 6-16 promoter upon Epo 
treatment, thereby demonstrating that IFNaR2-2 homodimerisation 
is sufficient for activation of at least part of the IFN signaling 
pathway. However, since IFNaR2-2i„,,a homodimerisation is not 
functional in the case of IL-5Rct/IFNaR2-2 + ßc/IFNaR2-2 or the 
reciprokal combination, these results suggest that a correct 
positioning of the IFNaR2-2 intracellular domains is required. 
Analysis of Epo vs. IFNct induced transcription of genes, involved 
in antiviral protection, was comparable up to 24 hrs. after 
stimulation. At later time points a sharp decrease in mRNA levels 
was observed, only in the case of Epo induction. Since, in contrast 
to IFNa, Epo showed no or a reduced protection against VSV or 
EMCV infection respectively, our results imply a role for IFNaRl 
in the induction of sustained mRNA levels that are likely required 
for optimal antiviral activity. 

123 
RAC1 REGULATES ILI-INDUCED NFKB ACTIVATION IN AN 
IKB-INDEPENDENT MANNER BY ENHANCING THE ABILITY 
OF THE P65 SUBUNIT TO TRANSACTIVATE GENE 
EXPRESSION. C.A.Jefferies and L.AJ.O'Neill, Department of 
Biochemistry and Biotechnology Institute, Trinity College, Dublin 2. 

Nuclear factor-KB is a key pro-inflammatory transcription factor 
which is activated on stimulation with the cytokine interleukin-1 (IL- 
1). While the pathway leading to phosphorylation and subsequent 
degradation of the NFKB inhibitory subunit IKBCC in response to IL1 
has been well characterised, NFKB activity is also regulated by a 
separate but less well characterised pathway leading to enhanced 
transactivation activity, possibly via phosphorylation of the p65 
subunit of NFKB. We have examined the involvement of the low 
molecular weight G protein Racl in both of these pathways in the 
murine thymoma cell line EL4.NOB-1. We have found that IL-1 
activates Racl in EL4 from 1 minute. Using constitutively active 
RacV12 and dominant negative RacN!7 mutants we found that 
RacN17 inhibits ILl-induced KB-dependent reporter gene expression 
but not IKBO: degradation while RacV12 potentiate? KB-dependent 
reporter gene expression in response to IL1 but has no effect on its 
own. This suggested a role for Racl in p65-mediated transactivation 
of NFKB, independent of IKBO: regulation. In support of this we show 
that IL1 activates a pathway leading to increased p65 transactivation 
activity and that RacV12 alone can drive this response. In addition, 
RacN17 inhibits ILI-driven p65-mediated transactivation, suggesting 
thai Racl participates in this pathway. Using specific inhibitors of 
p38, p42/p44 and JNK mitogen activated protein kinase pathways we 
propose that both p38 and p42/p44, but not JNK, lie downstream of 
Racl on the IL1 pathway leading to enhanced transactivation by p65. 
Our study therefore identifies Racl as an important G protein in IL-1 
signalling which via p38 and p42/p44 MAP kinase activation plays a 
critical role in the transactivation of gene expression by of NFKB. 

124 
INTERFERONS INHIBIT ACTIVATION OF STAT6 BY 
INTERLEUKIN-4 IN HUMAN MONOCYTES BY 
INDUCING SOCS1 GENE EXPRESSION. Dickensheets. H.. 
C. Venkataraman*, U. Schindler*, and R. Donnelly. FDA, 
Bethesda, MD 20892; and *Tularik, Inc. South San Francisco, CA 
94080. 

Interferons inhibit induction by IL-4 and IL-13 of multiple genes 
in human monocytes. However, the mechanism by which IFNs 
mediate this inhibition has not been defined. IL-4 activates gene 
expression by inducing tyrosine phosphorylation, 
homodimerization and nuclear translocation of the latent 
transcription factor, STAT6 (signal transducer and activator of 
transcription-6). STAT6-responsive elements are characteristically 
present in the promoters of IL-4-inducible genes. Because STAT6 
activation is essential for IL-4-induced gene expression, we 
examined the effects of type-I and type-II IFNs on induction of 
STAT6 activity by IL-4 in primary human monocytes. 
Pretreatment of monocytes with IFN-ß or IFN-7, but not IL-1, IL- 
2, macrophage colony-stimulating factor, granulocyte/macrophage 
colony-stimulating factor, IL-6, or transforming growth factor ß 
suppressed activation of STAT6 by IL-4. This inhibition was 
associated with decreased tyrosine phosphorylation and nuclear 
translocation of STAT6, and was not evident unless cells were 
preincubated with IFN for at least one hour before IL-4 
stimulation. Furthermore, inhibition by IFN could be blocked by 
cotreatment with actinomycin D and correlated temporally with 
induction of the gene for the JAK/STAT inhibitory protein, SOCS- 
1. Forced expression of SOCS-1 in a macrophage cell line, 

'RAW264, markedly suppressed trans-activation of an IL-4- 
inducible reporter as well as IL-6 and IFN-y-induced reporter gene 
activity. These findings demonstrate that IFNs inhibit EL-4- 
induced activation of STAT6 and STAT6-dependent gene 
expression, at least in part, by up-regulating expression of 
SOCS-1. 
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CHARACTERIZATION OF THE KINASE ACTIVITY 
IMPLICATED IN THE ACTIVATION OF THE IRF-3 
TRANSCRIPTION FACTOR. Marc J. Servant. Christophe 
Heylbroeck, Hakju Kwon, Benjamin ten Oever, Rongtuan Lin and 
John Hiscott. Molecular Oncology Group, Lady Davis Institute, 
McGill University, Montreal, Quebec, Canada, H3T 1E2. 

Infection of host cells by viruses leads to the activation 
of multiple transcription factors that are involved in the host 
response to virus infection. Among these factors is the interferon 
regulatory factor 3 (IRF-3) transcription factor which is post 
translationally modified as a result of virus infection; 
phosphorylation of latent cytoplasmic IRF-3 on serine and 
threonine residues in the C-terminal region leads to dimerization, 
cytoplasmic to nuclear translocation, association with the 
p300/CBP coactivator and stimulation of DNA binding and 
transcriptional activities. The rate limiting step in the activation 
of IRF-3 is therefore its phosphorylation by an unknown kinase. In 
an effort to identify this kinase, we conducted a series of 
molecular and biochemical experiments. First, the use of 
pharmacological inhibitors demonstrated that intracellular 
calcium and tyrosine kinase(s) are both implicated in the pathway 
leading to IRF-3 phosphorylation. In addition, IRF-3 
phosphorylation seems to be essentially dependent on virus 
infection, since stimulation of target cells with growth factors, 
stress inducers or cytokines did not induce IRF-3 phosphorylation. 
Second, expression of dominant negative form of kinases known to 
be activated by virus infection demonstrated that MEKK-l, COT, 
NIK, IKKcc/ß and PKR are not implicated directly or indirectly in 
the phosphorylation of IRF-3. Partial biochemical purification 
(by gel exclusion chromatography (Superose 12)) however 
indicates the kinase likely exists as a monomeric protein or a 
protein complex with an approximative molecular weight of 150 
kDa. Further characterization is underway to identify the virus 
activated kinase that phosphorylates IRF-3. 

126 
NOVEL POST-TRANSLATIONAL REGULATION OF 
INTERFERON REGULATORY FACTOR-4 ACTIVITY 
BY THE IMMUNOPHILIN FKBP52. Y. Mamane, S. 
Sharma, L. Petropoulos, R. Lin and John Hiscott 
Molecular Oncology Group, Lady Davis Institute, and Dept. of 
Microbiology, McGill University, Montreal, CANADA, H3T 1E2. 

The lymphoid restricted transcription factor Interferon Regulatory 
Factor-4 (IRF-4) plays a critical role in immunoregulatory gene 
expression in B and T lymphocytes and also is highly expressed in 
cells infected with the human T cell leukemia virus type 1 (HTLV-1). 
In a yeast two hybrid screen, a novel interaction between IRF-4 and 
the FK506 binding protein 52 (FKBP52), a member of the 
immunophilin family with peptidyl-prolyl isomerase activity 
(PPIase) was observed. Using a combination of affinity 
chromatography and co-immunoprecipitation, the IRF-4 proline rich 
domain (aal50-237) was identified as die minimal domain required for 
interaction with the tetratricopeptide repeat domain of FKBP52. In 
EMS A, IRF-4-FKBP52 association inhibited IRF4/PU.1 binding to 
its natural target, the Immunoglobulin (Ig) light chain enhancer EX2- 
4, by blocking IRF-4 but not PU.l binding. Inhibition of IRF-4 
DNA binding required functional PPIase activity since the PPIase 
inhibitor ascomycin restored IRF-4 binding. Furthermore, FKBP52 
inhibited the synergistic transactivation of the IRF-4/PU.1 dependent 
EX2-4 promoter in co-transfection assays. Finally, FKBP52 
association with IRF-4 resulted in a structural modification of IRF-4 
detectable by immunoblol analysis as a more rapidly migrating IRF-4 
form, an effect that was also dependent on functional PPIase activity. 
These results suggest that FKBP52 induces a conformational change 
in IRF-4 by cis-trans prolyl isomerization that interferes with IRF-4 
DNA binding and transcriptional activity. The direct involvement of 
the immunophilin FKBP52 in the regulation of IRF-4 function 
demonstrates a novel post-translational modification controlling IRF- 
4 dependent gene expression. 

127 
CXCR2 CARBOXYL-TERMINUS LEUCINE-LEUCINE AND 
ISOLEUCINE-LEUCINE MOTIFS ARE INVOLVED IN 
RECEPTOR INTERNALIZATION AND CHEMOTAXIS. G. H. 
FAN. W. Yang, X. J. Wang, and A. Richmond, Vandcrbilt Univ. Sch. 
Mcd., Nashville, TN 37232 and Dept. of Veterans Affairs, Nashville, 
TN37212. 

Agonist treatment of the seven transmembrane G protein-coupled 
chemokine receptor CXCR2 induces receptor internalization, but the 
mechanism underlying the endocytosis is still poorly understood. In 
the present study, we demonstrate that HEK-293 cells expressing a 
transacted mutant form of CXCR2 with the C-terminal 
phosphorylation sites truncated (CXCR2-331T) still undergo 
inlernalization upon agonist stimulation. The association of this 
mutant receptor with beta-arrestin is greatly reduced, suggesting that 
the C-terminal serine/threonine residues are not necessary for the 
endocytosis of CXCR2. Using point mutation, wc show that the 
leucinc-leucine and isoleucine-leucine motifs in the C-terminus 
proximal to the serine residues targeted for phosphorylation play an 
important role in the agonist-induced internalization of CXCR2 and 
CXCR2-33 IT in HEK-293 cells. Mutation of L-320 and L-321 or L- 
323 and L-324 to A causes little change in surface expression and 
ligand binding. However, agonist-induced internalization is 
remarkably reduced in L320/321 A, and 1323 A/L324A double mutants, 
and greatly impaired in the L320A/L321A/I323A/L324A quadruple 
mutant, as measured by radioligand binding and immunofluorescencc. 
Furlhcrmorc, agonist-induced chemolaxis is significantly decreased in 
the cells stably expressing the above mutants, indicating that C- 
lerminal leucinc-leucine and isoleucine-leucine motifs involved in 
agonist-induced internalization of CXCR2 are also required for 
chemolaxis. Wc postulate that the leucine repeats may associate with 
a second adaptor protein which facilitates internalization. 

128 
IL-16/CD4 ACTIVATION OF T CELLS DESENSITIZES TO 
SDF-1/CXCR4 CHEMOTAXIS. W. CRUIKSHANK. A. 
Jenkins, L. Ledwich, M. Vallen, W. Brazer, and D. Center. 
Pulmonary Center, Bost Univ Sch Med, Boston, MA., 02118. 

Wc have recently reported that stimulation of T cells by IL-16 
via CD4 and MIP-lß via CCR5, results in reciprocal receptor 
cross-desensitization and inhibition of chemotaxis. The kinase 
activity of p561ck activation was required for chemotactic 
deactivation. The cross desensitization was selective for 
CD4/CCR5 as chemotactic signals through CCR1,2,3 were 
unaffected. We now report on the chemotactic relationship 
between CD4 and CXCR4. Human T cells were incubated with 
IL-16 prior to SDF-la-induced chemotaxis. IL-16 (10'I0M) 
pretreatment blocked >95% of SDF-la-induced migration at all 
concentrations used. This effect was not due to loss of CXCR4 
expression. Unlike CD4/CCR5 desensitization, the CD4/CXCR4 
effect was not dependent on p561ck enzymatic activity as 
treatment with herbimycin A did not inhibit IL-16-induced 
desensitization. However, association of CD4 with p561ck was 
required as IL-16 stimulation of cells expressing mutated CD4 
unable to associate with Ick did not desensitize SDF-la 
migration. Also, unlike the CD4/CCR5 relationship, 
CD4/CXCR4 cross desensitization was not reciprocal as 
pretreatment with SDF-la was not inhibitory for IL-16-induced 
migration. These studies demonstrate that IL-16 via CD4 can 
desensitize CXCR4 signaling which is dependent on an adaptor 
function but not the enzymatic activity of p561ck and imply a 
different relationship between CXCR4 and CD4 than that 
observed for CCR5 and CD4. 
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REDUCED ACCESSIBILITY AT THE TCR GAMMA 
LOCUS FOR RAG MEDIATEDCLEAVAGE IN IL-7R-/- 
THVMOCYTES K.Muegge, S.K. Durum, and M.Schlissel, 
National Cancer Institute, Frederick, MD, 21701 and Univ. of 
California, Berkely, CA, 94720. 

Defects in the EL-7 signal transduction pathway lead to severe 
immuncdeficiency in man or mice. In IL-7R-/- mice, lymphoid 
precursors show a reduced survival rate and V(D)J recombination 
is arrested in the TCR gamma locus, aberrant in the IgH locus and 
delayed in the TCR beta locus. Here we analyse the 
recombination defect of the TCR gamma locus. Using ligation 
mediated PCR we sought intermediates of the recombination 
process. In the absence of the IL-7 signal, no initiation of 
recombination of the TCR gamma locus was observed, whereas, 
recombination intermediates at the TCR beta locus could be 
detected. Thus, the failure to rearrange the TCR gamma locus is 
due to a failure to initiate cleavage rather than a failure to religate 
broken DNA ends. VDJ recombination was previously thought to 
begin at the pro-T2 stage of T cell development after the arrest of 
IL-7R-/- thymocytes at the pro-Tl stage. However here we show 
that both TCR gamma and beta recombination intermediates are 
readily detectable in normal pro-Tl cells, but only TCR beta 
intermediates were detected in IL-7R-/- pro-Tl cells, supporting 
a mechanistic role for IL-7 in TCR gamma locus rearrangement. 
Since reduced rag gene expression has been reported in the 
absence of the IL-7 signal we directly tested whether the TCR 
gamma locus is accessible to cleavage by recombinant Rag 
proteins in vitro. We found a sixfold reduction in chromatin 
accessibility for Rag mediated cleavage in IL-7R-/- thymocytes in 
comparison with wild type. Thus IL-7 controls recombination at 
the TCR gamma locus by regulating locus accessibility. 

130 

131 
RETROVIRAL       CROSS-TALK:        HTLV-II       DOWN- 
REGULATES HIV-1 REPLICATION FROM PBMC OF CO- 
INFECTED INDIVIDUALS VIA MIP-la. G. POLL 
E. Vicenzi, A. Cimarelli, G. Magnani, P. Ciancianaini, 
E. Cattaneo, P.P. Dall'Aglio, U. Bertazzoni, and C. Casoli. 
San Raffacle Scientific Institute, Milano, Italy, and University 
of Parma and University of Verona, Italy. 

Coinfection by the human T-cell leukemia/lymphoma types 
II (HTLV-II) and human immunodeficiency virus (HIV) occurs 
in 10-20 % of Italian intravenous drug users. Yet, the potential 
reciprocal influence of these two human retroviruses is poorly 
understood, although it is reported anecdotally that coinfection 
by HTLV-II may slow down HIV disease progression. Primary 
PBMC cultures from mono and co-infected individuals were 
established in the presence of IL-2. The kinetics of HIV-1 
replication were inversely correlated to the in vivo HTLV-II 
proviral load and its replication in in vitro cultures. In the 
same co-infected PBMC cultures, endogenous IL-2 was not 
produced, whereas IL-6 and TNF-ot were secreted at levels 
compatible with their ability to upregulate HIV-1 expression. 
Of interest, the kinetics and concentrations of the HTV 
suppressive CC-chemokines RANTES, MIP-la, and MIP-lß 
were inversely related to those of HIV-1 replication. 
Furthermore, CD8* T-cells or PBMC from HTLV-II mono- 
infected individuals were cocultivated with CD4+ T-cells from 
HIV-1 mono-infected individuals separated by a semipermeable 
membrane in the presence or absence of anti-chemokine 
neutralizing antibodies. These experiments indicated that 
HTLV-II can interfere with the replicative potential of HIV-1 
by uprcgulating viral suppressive CC-chemokines and, in 
particular, MIP-la. Thus, HTLV-II downregulates HIV 
replication in vitro via upregulation of CC-chemokines. 

A DISEASE PROTECTIVE AND IMMUNE 
SUPPRESSIVE ROLE OF TNF IN MODELS OF 
SYSTEMIC AND ORGAN-SPECIFIC AUTOIMMUNITY. 
G. KOLLIAS, G. Kassiotis and D. Kontoyiannis. Hellenic 
Pasteur Institute, Athens 115-21, Greece 

The pathogenic capacity of tumor necrosis factor (TNF) has been 
classically attributed to its pro-inflammatory activities. Recent 
experimental evidence however, have suggested that TNF can act 
as an immune modulating factor and thus reduction in the levels of 
this cytokine may prove equally pathogenic. Moreover, anti-TNF 
treatment of several human autoimmune diseases has unexpectedly 
led to immune activation and increased disease activity. Because at 
excessive TNF levels (he immune suppressive and disease 
protective effects of TNF may be masked by its pro-inflammatory 
properties, we examined the effect of TNF deficiency in two 
models of systemic and organ specific autoimmune disease, namely 
the (NZBxNZW) Fl hybrid mouse as a model for human systemic 
lupus erythematosus (SLE) and experimental autoimmune 
encephalomyelitis (EAE) as a model for human multiple sclerosis 
(MS). We report here that an engineered TNF deficiency in an 
otherwise disease-free NZB hybrid background is associated with 
the early spontaneous development of antinuclear autoantibodies 
and autoreactive B cells, followed by the appearance of lupus-like 
glomerulonephritis. We further show that TNF deficiency enables 
the development of sustained myelin basic protein (MBP)-specific 
T cell responses, which effectively convert MBP-resistant mice into 
a state of susceptibility to a chronic form of EAE. Together these 
results indicate that TNF deficiency prolongs and intensifies 
pathogenic autoimmune responses in diverse autoimmune models. 
The opposing pro-inflammatory and immune suppressive 
properties of TNF allow better understanding of autoimmune 
disease pathogenesis and promise a more effective design of anti- 
TNF therapeutic approaches. 

132 
mRNA MONOKINE EXPRESSION & REGULATION IN MS 
DISEASE Graham A, LG Filion, D Matusevicius, MA Freedman, 
Univ. of Ottawa, Ottaw? ON K1H 8M5 

Multiple Sclerosis (MS) is a chronic, autoimmune, 
inflammatory disease of the central nervous system. We hypothesized 
that monokines that favor Thl development are involved in this 
process. In our study, healthy controls (HC), MS patients either 
Relapsing Remitting (RR) or Secondary Progressive (SP)were 
included. Enriched monocytes were obtained and were cultured for 
24 hours in medium alone, IL-10 and IFNß-la. Total mRNA was 
obtained from the cells and the Riboquant RNase protection assay 
(IL-12p35, IL-12p40, IL-10, IL-la, IL-lß, IL-IRa, IL-6, and IFNy) 
was performed. SP and RR patients showed significantly higher levels 
of IL-1 ß as compared to HC levels. SP patients showed significantly 
higher levels of IL-la, IL-IRa, and IL-6 as compared to HC. SP 
patients showed significantly higher levels of IL-10, IL-1 a, IL-1 ß, IL- 
lRa, and IL6 as compared to RR patients, and significantly higher 
levels of all cytokines under study as compared to RR patients 
undergoing therapy. 24 hr culture with IL-10 and IFNß-I 
significantly reduced levels of ILl-Ra, IL-6, and IFNy in HC samples. 
Similar trends were noted for RR patients undergoing therapy where 
reduction in levels of ILl-Ra, IL6, and IL-10 approached significance. 
Levels of all monocytic cytokines, excluding IL-12, were significantly 
reduced in both RR and SP patients following culture with IL-10. 
Importantly, patient cytokine levels following IL-10 culture did not 
significantly differ from HC levels. Interestingly, IFNß-la, which is 
presently used as a MS therapy, only appeared to approach 
significance in the reduction of IFN-y levels in RR patients, and IL- 
IRa and IL-6 levels in SP patients. In conclusion, increased 
monocytic cytokine levels such as IL-la, IL-lß, and IL6 correlate 
with increased disease severity as compared to HC levels. These 
results suggest a role for these cytokines in the pathogenesis of MS. 
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UP-REGULATED IL-6 IN SYSTEMIC LUPUS 
ERYTHEMATOSUS (SLE): NOT JUST ANOTHER IMMUNE 
ANOMALY? M. Linker-Israeli, Cedars-Sinai Research Institute 
and UCLA, Los Angeles, CA 90048. 

Because human SLE can be studied only at the stage of overt 
disease, the primary factors involved in its pathogenesis have yet 
to be sorted out. Previously, we found that SLE monocytes and B 
cells express IL-6 constitutively, that endogenous IL-6 supports 
production of autoantibodies by SLE PBMCand, in follow-up 
studies, that marked reduction of IL-6 levels was seen in sera of 
patients that responded to treatment. Next, we identified several 
factors that could contribute to IL-6 up-regulation in SLE. IL-6 
mRNA decay was significantly delayed in SLE PBMC (p<0.01), 
likely due to endogenous TNF-a and IL-lß, since blocking these 
cytokines destabilized IL-6 transcripts. In contrast, exogenously 
added IL-10, IL-4 and TGFß, down-regulated LPS-induced IL-6 
expression. Accordingly, using RNase Protection Assays, we 
found that whereas TNF-a and IL-lß expression in SLE PBMC 
coincided with that of IL-6 (l-4h), IL-10 was expressed at 4- 6h. 
By PCR- genotyping 146 SLE and 139 controls (Caucasian and 
African-American), we found strong association between IL-6 
minisatcllite allelcs and SLE (p=0.001), and high IL-6 levels 
(p<0.05). Transient transfeclions with a lucifcrase reporter gene 
construct suggest that the SLE-associated alleles can modulate 
gene expression. Together, these studies show that, although the 
response to up- and down- regulating signals for IL-6 production 
is intact in SLE, the availability and kinetics of cytokines 
providing these signals, as well as the genetic susceptibility that 
could be conferred by SLE-associated IL-6 allelcs, may 
contribute to the deregulated expression of IL-6 in lupus. 

EXPLANATION FOR THE PROTECTIVE EFFECT OF 
ENDOGENOUS IFN-y IN THE PATHOGENESIS OF 
EXPERIMENTAL AUTOIMMUNE DISEASES 
P. Matthvs, K. Vermeire, T. Mitera, H. Heremans, and A. 
Billiau; The Rega Institute, Univ. of Leuven, Belgium 

In several autoimmune disease models, the outcome of 
IFN-y ablation procedures has been supportive of a protec- 
tive rather than a disease-promoting role. Such examples 
are experimental autoimmune encephalomyelitis (EAE), 
experimental autoimmune uveitis (EAU) and collagen- 
induced arthritis (CIA). The protective effect of IFN-y in 
these models contrasts with apparent disease-promoting 
role in transgenic mice overexpressing IFN-y and in 
spontaneous lupus nephritis and diabetes. We initiated the 
present study, as we noted that all three models in which 
endogenous IFN-y exerts a distinct protective role, rely on 
the use of the killed mycobacteria-containing adjuvant, 
CFA, for immunisation of the animals. With the use of the 
CIA model, we present evidence that the protective role of 
IFN-y is completely ascribed to the presence of 
mycobacterium. In fact, if mycobacterium is omitted in the 
induction of CIA, endogenous IFN-y acts as a 
disease-promoting cytokine. Killed mycobacterium appears 
to stimulate a de novo Mac-1+ splenic cell population, by 
myelopoiesis that is profoundly inhibited by endogenous 
IFN-y, and that predominates over the proinflammatory 
role of IFN-y in the pathogenesis of autoimmune arthritis 
by an increased cellular (DTH) response. 
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DOUBLE-BLIND STUDY OF THE CLINICAL EFFECT OF 
ANTI-INTERFERON-y IN RHEUMATOID ARTHRITIS (RA) 
Ya. A. Sigidin,* G.V. Loukina*, B Skurkovich#, S Skurkovichtf. 
Rheumatol. Inst.*, Russian Acad. of Med. Sciences, Moscow, 
Russia; #Adv. Biotherapy Concepts Labs, Rockville, MD, USA 

In previous work we found that polyclonal anti-IFN-y abs in the 
treatment of acute RA gave results comparable to or better than 
anti-TNF-a abs or anti-IFN-a abs—remission of more than 2 
years in some patients (clinical observation and Int J 
Immunotherapy (1) 23-32 (1998)). A double-blind, randomized 
study was conducted in 23 patients with acute RA refractory to 
anti-inflammatory drugs and at least one DMARD. Polyclonal abs 
to IFN-y and to TNF-a and a placebo were administered to 
separate groups of patients. All preparations were given daily IM 
for 5 successive days. Results were evaluated on days 7 and 28. In 
both treatment groups, on day 7 after start of treatment, a 
significant improvement in pain, morning stiffness, fatigue, no. of 
swollen and tender jts., c-reactive protein, and grip strength in 
both hands was observed. In the placebo group, only pain, 
morning stiffness, and fatigue dropped. A 20% improvement in 
Paulus was observed on day 28 in 2 patients in each of the 2 
treatment groups. By days 7-10, in 7 of the 8 patients in the 
placebo group, an expression of acute RA occurred, requiring 
supplementary therapy. The present work, the first stage of a 
larger double blind study of anti-cytokines in RA patients, is 
objective confirmation of the therapeutic effect of IFN-y abs in this 
disease and permits consideration of IFN-y abs or IFN-y abs and 
TNF-a abs combined as possible new therapies. In future, 
humanized monoclonal abs must be used to allow longer 
treatment. 

CLINICO-IMMUNOLOGICAL EFFECTS OF A SHORT 
COURSE OF ANTI-INTERFERON-y ANTIBODIES IN 
SECONDARY PROGRESSIVE MULTIPLE SCLEROSIS 
S Skurkovich*, A Boiko#, A Buglaktf, I Beliaeva#, O Kulakova#, 
N Smirnova#, B Skurkovich*, E Gusev#, «Advanced Biotherapy 
Concepts Labs, Rockville, MD, USA; # Russian State Medical 
University, Moscow, Russia. 

Dysregulation of cytokine production was proposed as a 
mechanism of autoimmune disease in 1974 by one of us (Nature, 
247:551, 1974). Reduction of pro-inflammatory cytokine levels is 
believed to be a method of treatment of multiple sclerosis (MS). 
We conducted a randomized, placebo-controlled trial of purified 
polyclonal anti-tumor necrosis factor-a (TNF-a) and anti- 
interferon-y (IFN-y) antibodies (IgG) in 45 patients (15 in each 
group) with secondary progressive MS (5 daily IM injections of 
abs or placebo). Clinical observation, data on evoked potentials, 
MRI, and immunological parameters, including serial 
determination of TNF-a, IFN-y, and TGF-ß levels in supernatants 
of short term blood cell cultures were recorded. After 6-12 months 
of observation, only patients who received anti-IFN-y showed 
stabilization of the disease course as shown by MRI with a 
decrease in TNF-a and an increase in TGF-ß levels in contrast to 
the placebo and anti-TNF-a groups. Thus even a short course of 
anti-IFN-y may in some MS patients induce slowing of disease 
progression for at least 6 months. To study potential of achieving 
sustained improvement with anti-IFN-y abs, humanized 
monoclonal abs must be used for a longer period of time. 
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PATIENTS WITH RHEUMATOID ARTHRITIS HAVE 
ELEVATED INTERLEUKIN-15-LEVELS IN SERUM 
A Douvdevani, Y. Saisky, M. Abu-shakra, D. Flusser, 
S. Kodish, R. Yulzari and S. Sukenik. Soroka 
University Medical Center and Ben-Gurion University 
of the Negev, Beer-Sheva, Israel. 

Elevated IL-15 levels have been previously 
demonstrated in synovial fluids of RA patients where 
they were found partly responsible for T-cell 
chemoattraction and proliferation. The aim of this study 
was to discover whether IL-15 can be demonstrated in 
sera of RA patients and patients with other arthritides. 
Detectable IL-15 levels were found in sera of 30/38 
(79%) of RA patients in contrast to 3/17 (18%) of OA 
patients, 11/26 (42%) of patients with inflammatory 
arthritides and no detectable levels in all healthy 
controls. IL-15 mean (± SE) level in sera of RA patients 
(87.8 ± 22.1 pg/ml) was significantly elevated as 
compared with mean level in sera of OA patients (6.2 
±3 2 pg/ml, P = 0.012) and sera of patients with 
inflammatory arthritides (16.7 ± 7.7 pg/ml, P = 0.013). 
In 11 of 12 samples that were obtained from the same 
patients after an interval of 3-8 months from the time of 
the first sample, IL-15 levels were maintained in the 
same range. This may indicate that in RA patients 
there is a continuous systemic production of IL-15. 
IL-15 levels did not correlate with clinical parameters of 
RA (number of active or effused joints, existence of 
eroded or deformed joints, duration of morning 
stiffness or duration of the disease). Continuous 
systemic production of anti-apoptotic factor such as 
IL-15 might interfere with the normal elimination of 
auto-reactive T cells and thus contribute to the articular 
and systemic manifestations of RA. 

THE EFFECT ON IMMUNOSUPPRESIVE DRUGS ON 
IL-15-INDUCED LYMPHOCYTE PROLIFERATION IN 
A MIXED LYMPHOCYTES KIDNEY-CELLS CULTURE 
A. Douvdevani, E. Lewis, M. Weiler and C. Chaimovitz. 
Soroka University Medical Center & Ben-Gurion 
University of the Negev, Beer-Sheva, Israel. 

Elevated lnterleukin-15 (IL-15) mRNA levels 
strongly correlate acute rejection of kidney allografts. 
To study the interaction between lymphocytes and 
kidney cells we co-cultured PBMC with human tubular 
epithelial cells (TEC). Lymphocyte proliferation was 
enhanced in the presence of TEC and increased 
further by pretreatment of PBMC-with OKT3 
(anti-CD3). Lymphocyte proliferation in co-culture was 
blocked by antibodies to IL-15 but remained unaffected 
by anti-IL-2 antibodies. TEC pretreatment with 
interferon-y increases IL-15 production and at the same 
magnitude lymphocyte proliferation. We tested the 
effect of immunosuppressive drugs on lymphocyte 
proliferation in this system. Cyclosporin-A (CsA) 
dexamethasone (Dex) and rapamycin (Rapa) had no 
effect on IL-15 production by TEC. Dex and Rapa but 
not CsA significantly impaired IL-15 induced 
lymphocyte proliferation and lymphocyte proliferation 
co-cultured with TEC. 
We conclude that TEC-derived IL-15 is the major 
mediator for lymphocyte proliferation in this co-culture. 
This data strongly suggest IL-15 as an important 
mediator in kidney allograft rejection and that certain 
failure of immunosuppressive drugs to prevent 
rejection may be explained by their incompetence to 
inhibit IL-15 production and activity. 
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ARTHRITIS IN MALE AND FEMALE TUMOR NECROSIS 
FACTOR-a KNOCKOUT (TNF-a"'") AND MEMBRANE- 
BOUND TNF-a TRANSGENIC (TNF-aTfA86) MICE INJECTED 
WITH MYCOPLASMA PULMONIS OR MYCOPLASMA 
ARTHRITIDIS. C.K. Edwards HI, E. S. Chlipala, C.A. Dinarcllo, 
L.L. Reznikov, L.L. Moldawer, A.M. Bendele, Amgen, Inc., 
Thousand Oaks, CA 91320-1789, Univ. Colorado, Denver, CO 
80262, Univ. Florida, Gainesville, FL 32610, BolderPath, Boulder, 
CO 80262. 

Experimental infection with Mycoplasma in rodents results in a 
chronic arthritis histologically resembling human RA.  Objectives: 
(1) characterize the Mycoplasma-induced arthritis in control mice, 
(2) study the roles that either the soluble and/or membrane-bound 
forms of TNF-a (sTNF-a/mTNF-a) play(s) in Mycoplasma- 
induced disease in novel TNF-a Tg and KO mice, and (3) 
determine if inhibiting sTNF-a or mTNF-a with PEG sTNF-RI 
affects progression. TNF-a''\ TNF-aTsA86 (overexpressing a non- 
clcavablc mTNF-a, but no sTNF-a), or control mice (age 4-24 
wks, SPF housed) were injected iv with veh. or with viable M. 
pulmonis or M. arthritidis (1010 CFU) and followed for several 
weeks both clinically and histopathologically. TNF-a"" mice inj. 
with M. pulmonis develop severe arthritis with extensive PMN/Mij) 
infiltration and bone/cartilage destruction. By d+25, lesion 
incidence (INC) and severity (SEV) is greater in male than female 
mice (100% vs 40% INC; 1.6 vs 0.6 SEV). Disease was more 
pronounced with M. pulmonis than M. arthritidis. TNF-a s ' also 
develop arthritis. Injection of M. pulmonis enhanced the lesions. 
M. pulmonis infected TNF-a"'" mice treated with PEG sTNF-RI 
had a non-significant reduction in disease. TNF-aTsA86 mice 
treated with PEG sTNF-RI had a >50% reduction in SEV 
compared to vehicle-controls. These results demonstrate that PEG 
sTNF-RI inhibits membrane-bound TNF-a-induced arthritis. 

ABNORMAL RESPONSES TO IL-6 IN 
OLIGODENDROCYTES LACKING SHP-1. PJL 
MASSA. S. Ropka, C. Wu, and K. Jarosinski, SUNY 
Health Science Center, Syracuse, NY 13210 

11-6 is a proinflammatory cytokine released by activated 
cells during viral infections as part of the immediate 
innate immune response. We are interested in the 
regulation of 11-6 activities during central nervous 
system(CNS) viral infections where 11-6 is known to be 
highly expressed. It is proposed that genetically altered 
regulation of 11-6 activities on oligodendrocytes may be 
responsible for pathology of these cells in virus-induced 
demyelinating disease. We have found that the protein 
tyrosine phosphatase SHP-1 is expressed by and 
regulates pathological changes in oligodendrocytes in 
response to 11-6 exposure. Oligodendrocytes isolated in 
pure cultures from motheaten(me/me) mice lacking 
functional SHP-1 genes display increased STAT3 
activation, abnormal morphological transformation, and 
cell death in response to 11-6 not seen in 
oligodendrocytes of normal littermates. A gene dosage 
effect is seen in heterozygous me/+ mice demonstrating 
functional haploinsufficiency in controlling these 11-6 
activities. Me/me mice also lack SHP-1 in the CNS in 
vivo and rapidly succumb to virus-induced 
demyelinating disease including extensive white matter 
inflammation and corresponding spastic limb paralysis. 
Thus, interactions between 11-6 and SHP-1 activities 
appear to have a direct pathophysiological effect on 
oligodendrocytes and possibly demyelinating disease. 
This work was supported by a grant from the National 
Multiple Sclerosis Society. 
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DIFFERENTIAL SUSCEPTIBILITY OF MICE LACKING 
TUMOR NECROSIS FACTOR-o. AND/OR LYMPHOTOXIN-a 
FOR LIPOPOLYSACCHARIDES DERIVED FROM 
DIFFERENT GRAM-NEGATIVE BACTERIA 
M.G. Nclcil, B.J. Kullbcrg, L.A.B. Joostcn. I. Verschuercn, F. 
Amiot, W.B. van den Berg, and J.W.M. van der Mccr. Div. Gen. 
Inl. Mcd., and Div. Rlicumalol.. Univ. Hosp. Nijmcgen. The 
Nclhcrlands. and UMR CEA/CNRS. Fonlcnay mix Roses. France 

Neutralization studies have shown that tumor necrosis factor-« 
(TNF) and lympliotoxin-a (LT) mediate many of the deleterious 
effects induced by the lipopolysaccharidc (LPS) components of 
Gram-negative bacteria. However, recent studies performed in 
TNF-dcficicnt mice have failed to demonstrate a central role for 
this cytokinc during lethal endotoxemia. Wc investigated this 
apparent discrepancy by assessing the susceptibility of TNF 
knock-out (TNF-/-) and TNF/LT double knock-out' mice (TNF-/- 
LT-/-) to lethal cndoloxacmia induced by LPS derived from 
various Gram-negative microorganisms. Whereas TNF-/- mice 
were as susceptible as TNF+/+ controls to Salmonella 
Ivphiinurimn LPS (10 vs. 0% survival. p>0.05). they were 
significantly more resistant to lethal endotoxemia induced by 
Eschcrichia coli (100 vs. 20%, p<0.01) orKlcbsiclla pneumoninc 
LPS (100% vs. 10%, p<0.()l). These effects were even more 
pronounced in the TNF-/-LT-A mice. The difference in lethality 
was accompanied by decreased interlcukin-1 (IL-la and ()) and 
inlerferon (IFN)-y production in TNF and LT deficient mice artcr 
in vivo stimulation with E. coli LPS. In contrast, there was a more 
than 4-fold up-rcgulation of IFNy and IL-1 synthesis in TNF-/- and 
TNF-/-LT-/- mice after S. Ivphimurium LPS. In conclusion, the 
role of TNF and LT is central in lethal endotoxacmia. but is 
dependent on the bacterial source of the LPS. 

REGULATION OF CHOLESTEROL TRAFFICKING IN 
MACROPHAGE DERIVED FOAM CELLS BY GAMMA 
INTERFERON. CG. Panousis. and S.H. Zuckerman, Lilly 
Research Labs, Indianapolis, IN 46250 

The Th I derived cytokine gamma interferon, IFN-y, is present 
within the microenvironment of an atheromatous lesion and likely 
contributes to lesion progression through macrophage activation. 
While the inflammatory effects of IFN-y are well known, the role 
of this cytokine in cholesterol metabolism in macrophage derived 
foam cells is unclear. In the present study, the incubation of foam 
eelis with IFN-y resulted in the reduction of HDL3 mediated 
cholesterol efflux. The decrease in cholesterol efflux was not 
observed with other macrophage activating factors as colony 
stimulating factors failed to demonstrate a similar effect. The 
reduction in cholesterol efflux was independent of apo E synthesis 
or SR-BI expression and was associated with a redistribution 
of intracellular cholesterol with an increase in cholesterol ester 
accumulation. The increase in the esterified pool, primarily in 
cholesterol eicosaprentadenoate, dococapentaenoate, arachidonate 
and linoleate was associated with a 2 fold increase in 
Acyl-CoA:Cholestcrol-0-Acyltransferase, ACAT, activity 
and message without any change in neutral cholesterol ester 
hydrolase activity. While CD36 message was reduced in 
IFN-y treated foam cells, the ability to reverse the decrease 
in efflux by the ACAT inhibitor A58035 in a dose 
dependent manner suggests that the IFN-y effect 
on efflux is primarily through the modulation of ACAT 
expression. Therefore, in addition to its inflammatory effects, 
IFN-y can contribute to the progression of an atherosclerotic 
lesion by altering the pathway of intracellular cholesterol 
trafficking in macrophage derived foam cells. 

CASPASE-1-INDEPENDENT FAS/FAS LIGAND- 
MEDIATED IL-18 SECRETION FROM 
MACROPHAGES. H. Tsutsui,* N. Kayagaki, K.t 
Kuida,§ H. Yagita.t H. Okamura,* and K. Nakanishi,* 
"Hyogo College of Medicine, Nishinomiya 663-8501 
Japan, tJuntendo Univ. Tokyo 113-8421, Japan, and 
§Vertex Pharmaceuticals Inc., 02139-4242 MA. 

IL-18, produced as bioinactive precursor, is 
processed by caspase-1 in LPS-activated 
macrophages. In this study, we investigated caspase-1 - 
independent processing of IL-18 in Fas ligand (FasL)- 
stimulated macrophages and its involvement in liver 
injury. Administration of Propionibacterium acnes (P. 
acnes) upregulated functional Fas expression on 
macrophages in an IFN-y-dependent manner, and these 
macrophages became to secrete mature IL-18 upon 
stimulation with FasL. This was also the case for 
caspase-1-deficient mice. Administration of 
recombinant soluble FasL (rFasL) after P. acnes- 
priming induced comparable elevation of serum IL-18 in 
parallel with elevated serum liver enzyme levels. 
However, liver injury was not observed in IL-18-deficient 
mice even after rFasL administration. These results 
indicate caspase-1-independent pathway of mature IL- 
18 secretion from FasL-stimulated macrophages and its 
critical involvement in FasL-induced liver injury. 

143 144 
MULTIPARAMETER ANALYSIS OF CELLULAR 
RESPONSES BY PBMC FROM DONORS IMMUNIZED 
WITH INFLUENZA VACCINE 
J. D. Wilson. J. M. Elia, D. N. Ernst, E. L. Morgan, C.-Y. Shih 
BD Biosciences, 10975 Torreyana Road, San Diego, CA 92121 

There is great interest in applying multiple immunological assays 
to the analysis of the cellular responses of PBMC that are 
stimulated with antigen in vitro. ELISA and flow cytometric 
techniques have especially been useful for investigating the 
immunological competence of individuals. In this study we 
investigated the response of eight immunized and two non- 
immunized donors to a commercial influenza vaccine antigen in 
vitro. Different doses of antigen were used to determine an optimal 
concentration for the stimulation of donor PBMC. The levels of IL- 
2, IFN-y and TNF-a secreted by cultured cell populations from each 
donor were measured by ELISA. Cellular proliferation in response 
to antigenic stimulation was determined through the analysis of 
3[H]-thymidine, MTT and/or BrdU incorporation. The results 
showed a marked increase in the cellular proliferation and cytokine 
production by cell populations from most immunized donors as 
compared to the responses of the two non-immunized individuals. 
Furthermore, the frequency of antigen-induced cytokine-producing 
cells was determined using fluorescent anti-cytokine antibodies and 
How cytometric analysis in an intracellular staining procedure. 
Lymphocytes producing IFN-y and/or TNF-a were detected in 
immunized donors up to even 22 months post immunization. BrdU 
incorporation and subsequent immunofluorescent staining was 
found to show increases in DNA synthesis in PBMC from 
immunized versus non-immunized donors following in vitro 
stimulation. This study demonstrates the efficacy of using ELISA 
and flow cytometric techniques for the quantitation of the cellular 
responses of PBMC to antigenic stimulation with influenza antigen. 
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BONE  MARROW  STROMA  OF  CYTOTOXIC   DRUG- 
TREATED MICE PRESERVES ITS FUNCTIONS: GM-CSF 
PRODUCTION AND HEMATOPOIESIS STIMULATION. 
BARAK V.. BEN-ISHAY Z.,Oncology Dep, Hadassah Hospital, 
Hebrew University Medical School, Jerusalem, Israel 

Our aim was to study stroma's supportive functions 
of hematopoiesis after Ara-C treatment, parallel to 
chemotherapy preBMT. Results:A)Ara-C impact on 
BM stroma:decreased CFU-F stem cells - day 2, 
recovery - day 4. Pre - CFU-F gave rise to huge 
colonies(0.5 - 2 mm) - day 1, increased - day 2 and 
decreased - day 4. B) GM-CSF levels in CM of stroma 
from Ara-C mice and controls were in the same low 
range (5 pg/ml). IL-3, IL-4, IFNy were undetectable, 
High pretreatment IL-6 levels decreased on days 
1,2 and increased-day 4. C) The significant decrease 
of total BM cells on day 1 and the gradual increase 
through day 4 correlates inversly to the incidence 
of marrow blast cells at days 1,2 decreasing on day 
4. This finding indicated BM regeneration starting 
soon (day 1) after Ara-C.D). Hematopoietic 
stimulation by stromal layer expressed by HPPC 
clonogenicity increases above normal level on day 
1, peaks on day 2 and decreases to normal level on 
day 4, despite transient decrease of CFU-F and 
marked decrease of IL-6. We conclude a transitory 
BM stromal dysfunction post Ara-C. Despite initial 
CFU-F stem cells decrease and low levels of stromal 
IL-6, Ara-C stroma stimulated hematopoiesis of 
target cells in coculture. 

146 
GENE EXPRESSION AND PRODUCTION OF IFN-y BY 
HUMAN'S ERYTHROID CELLS. S.V. KRYSOV. T.V. 
Ingelevskaya. S.V. Sennikov. V.A. Kozlov. Institute of Clinical 
Immunology SB RAMS, 630099. Yadrintsevskaya str., 14, 
No\ osibirsk, Russia. E-mail: ici@online.nsk.su 

Previous research showed the ability of mouse erytliroid blast 
cells to suppress the immune response both in vivo and in vitro. It 
was demonstrated that the protein synthesis is needed for this 
effect of suppression, and the effect is mediated by the soluble 
factor. Mouse erytliroid cells separated from spleen with erytliroid 
hyperplasin showed the IFN-y gene expression. The effect of the 
soluble factor was blocked by adding neutralizing anti-mouse-IFN- 
y antibodies. We have studied IFN-y gene expression and IFN-y 
production by human erythroid blast cells. Human erytliroid blast 
cells population was isolated from fetal liver (15-20 weeks) by 
percoll density gradient and subseqient removal of adherent cells 
and 72 hours cultivation with presence of Epo. Isolation purity 
evaluated morphologically was more than 98%. Expression level 
was estimated by RT-PCR, and cytokine production measured by 
electrochcmiluminescent method using poly- and monoclonal 
antibodies. Conditional media of erytliroid cells (5x10s cell/ml) 
was obtained after 24 hour cultivation without Epo. IFN-y mRNA 
was detected by RT-PCR in erytliroid blast cells cultivated both 
with and without Epo. IFN-y concentration in conditional media of 
erythroid cells cultivated without Epo varied from 0 to 150 pg/ml. 
while increased up to 42631pg/ml if Epo was added into the 
cultivation media, comparable to PBMC IFN-y production after 
mitogenic stimulation taking the cell concentration the same. 
Increasing production of IFN-y after added Epo can carry out a 
negative feedback at regulation of erythroid proliferation. 

147 
THE IL-11 SYSTEM AND SPERMATOGENESIS. 
Rcmi Droller, Bernard Jegou and Claire Piquet-Pellorce 
INSEM4 Ü435- Universite deRennesI. Campus Beaulieu. 35042 
RENNES Cedex, Bretagne, France. 

IL-11 is a pleiotropic hemopoietic growth factor which also exhibit 
regulatory activities of adipogenesis and bone development. 
Functional IL-11 receptor (IL-11R) results from the dimcrization of 
the common IL-6R family subunit, gp 130, with a transmembrane 
subunit able to bind specifically IL-11 with low affinity. Recently, 2 
genes encoding a 99% homologous IL-11 binding receptor subunit 
have been isolated in mice, they differ by their 5'end untranslated 
region and exhibit different tissue expression patterns. Interestingly, 
while the first gene appeared ubiquitous, the expression of the 
second locus was restricted with a particular abundance in the testis. 
As IL-11 has also been shown to be strongly expressed within the 
murine testis, this prompted us to study IL-11 and IL-11R expression 
in this organ. For practical reasons - quantity of material available, 
ability to isolate a great number of testicular cells with high purity - 
the rat model was chosen. We have first characterized the rat 
transcript encoding IL-ll-R by northern blot and sequenced most of 
it. The restriction map analysis of the gene has not revealed any 
polymorplüsin which could confirm the existence of 2 genes in the 
rat, as shown previously in mice. We are currently investigating the 
5'end untranslated region of IL-ll-R mRNA in the testis and the 
spleen. IL-ll-R was found to be stably expressed in the rat testis 
during embryogenesis, from 13.5 days pc until birth, during puberty 
and adulthood. RT-PCR analysis has revealed the presence of the 
transcript in Sertoli cells, peritubular cells and in meiotic germ cells. 
Moreover, we were able to study testis sample from 3 different 
individuals using northern blot and RT-PCR analysis, it shows that 
human testis express both IL-11R and its ligand. Altogether, our 
results establish the existence of an IL-11 system in the testis of all 
mammalian species tested which strongly suggests a role for this 
cytokine in the regulation of the testicular function. 

148 
INTERLEUKIN-1 RECEPTOR ANTAGONIST PRODUCTION 
BY SERTOLI CELLS. M. Huleihel. D. Zeyse, E. Lunenfeld, I. 
Prinsloo and.M. Mazor. Ben-Gurion University of the Negev, 
Beer-Sheva, Israel, and Christian-Albrechts-University of Kiel 
Medical School, Kiel, Germany. 

Interleukin-1 has been suggested to be involved in the cell-cell cross 
talk within the testis. It is produced by Leydig cells, Sertoli cells, 
germ cells and testicular macrophages. To identify the testicular cell 
source and factors involved in the regulation of IL-lra production, 
mouse Sertoli-cells were isolated, purified, cultured and examined 
for IL-lra levels. IL-lra levels were determined in the supernatant 
and the lysates of primary Sertoli cells cultures under normal and 
infection stimulatory in-vitro conditions. Immunohistochemical 
staining for IL-lra was performed on Sertoli cell cultures with or 
without stimulation. 
Sertoli cells from the testes of 15-day old Balb/c mice were isolated 
by subsequential enzymatic digestion. On day 3 they were purified 
by hypotonic shock treatment and incubated on day 4 for 24h in the 
nresence of FSH or lipopolysaccharides (LPS). Supematants and 
lysates of Sertoli cells were examined for IL-lra by EL1SA. Sertoli 
cell-germ cell cocultures were established on 4-chamber culture 
slides and incubated with or without LPS. Slides were 
immunohistochemically stained using IL-lra antibodies. 
Our results show that large amounts of immunoreactive IL-lra could 
be detected in lysates of unstimulated Sertoli cells. IL-lra levels in 
the supematants were below detection level. LPS, IL-la, IL-lß, and 
FSH were found to stimulate the production of IL-lra by Sertoli 
cells, and maximal levels were examined after 8 hours of stimulation. 
Immunohistochemical staining confirmed the presence of IL-lra in 
the cytoplasma of Sertoli cells. The expression of IL-lra was 
demonstrated by RT-PCR analysis. Our results may indicate the 
involvement of IL-lra in the autocrine and paracrine regulation of 
testicular cell function and thus to affect male fertility. 
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DIFFERENT EXPRESSION OF IL-la, IL-lß and IL-IRa IN 
TESTICULAR   CELLS   OF   MATURE   AND   IMMATURE 
MICE. M Huleihel. E Lunenfeld, D Zeyse, I Prinsloo, G Potashnik 
and M Mazor. Faculty of Health Sciences Ben-Gurion University of 
the Negev, Beer-Sheva, Israel and Christian-Albrechts-University of 
Kiel Medical School, Kiel, Germany. 

The aim of the study was to characterize the cellular source(s) and 
the levels of IL-la, IL-lß and IL-1 receptor antagonist (IL-lra) in 
the testis of mature and immature mice under normal and 
pathological conditions. 

Mature (8 weeks) and immature mice (2 weeks) were injected (i.p.) 
with saline or LPS (lOug/mouse). Mice were killed after 4, 16 and 
24 hours, following which their testicular tissues were examined by 
immunohistochemical staining for cell source and level of 
expression of IL-la, IL-lß and IL-lra. Formaline- and/or B5-fixed 
paraffin-embedded testicular tissues were stained using polyclonal 
rabbit anti-mouse IL-la, or anti-mouse IL-lß, or anti-mouse IL-lra 
primary antibodies. As negative controls, the primary antibodies 
were pretreated with the relevant peptide and tissues were stained 
with the secondary antibody only. 

Testicular tissues from mature and immature mice highly expressed 
IL-la in both seminiferous tubule cells and Leydig cells. However, 
low expression of IL-lß (compared to the expression of IL-la) was 
found in seminiferous tubule cells of mature and immature mice. IL- 
lß was also expressed in Leydig cells of mature mice but not in 
immature mice. IL-lra was shown to be highly expressed in 
seminiferous tubule cells but less than in Leydig cells of mature and 
immature mice. In addition, prominent expression of IL-lra was 
observed in the Golgi apparatus of tubular and Leydig cells. The 
levels of IL-la, IL-lß and IL-lra in testicular tissues from mature 
and immature mice were not affected by LPS injection. 

Our results may suggest the involvement of IL-1 system in the 
physiological functions of testicular tissue and the process ol 
spermatogenesis. Thus, IL-1 may be involved in male fertility. 

150 
REDUCTION OF NF-KB PROTEIN ASSOCIATED WITH 
INTERLEUKIN-Iß DEFICIENCY DETERMINES A HIGHER 
SENSITIVITY TO THE ANTI-INFLAMMATORY EFFECTS OF 
PROGESTERONE. L. L. Reznikov. S-H. Kim, G. Fantuzzi, 
J. Frishman, B. D. Shames, C. H. Selzman, and 
C. A. Dinarello, Univ. Colorado Health Sciences Center, Denver, 
CO 80262. 

We have reported that IL-lß"'" mice exhibit decreased LPS-induced 
uterine and splenic cytokine production in pregnancy compared to 
similarly challenged pregnant wild-type mice. This decrease in 
LPS-inducible cytokines in pregnant IL-lß"'" mice was associated 
with a reduction in the constitutive level of the NF-KB p65 protein. 
In the present study wc observed that splenocytes from non- 
pregnant mice exhibited decreased LPS-induced TNFct and MlP-lct 
production when primed in vitro with progesterone. This 
suppression was 25% greater (p<0.05) in IL-lß"'" than in IL-lß+/+ 

mice. The in vitro blockade of IL-1 activity with IL-1 receptor 
antagonist (IL-IRa) in splenocytes cultured from non-pregnant 
IL-lßf/+ mice also significantly increased immunosuppressive 
properties of progesterone (p<0.05) bringing levels of LPS-induced 
TNFa and MlP-la production down to those observed in 
splenocytes cultured from IL-lß"'" mice. Associated with this 
suppression, we observed a reduction in NF-KB p65 by Western 
blotting after 24 hours incubation of IL-lß+/+ splenocytes with 
IL-IRa plus progesterone. Therefore, the relative reduction of 
NF-KB p65 protein associated with IL-lß deficiency or with in vitro 
blocking of IL-lß activity determines a higher sensitivity of LPS- 
challenged murine splenocytes to the anti-inflammatory effects of 
progesterone. This finding implicates a role of IL-lß in the steady 
state level of p65 protein and subsequently in the development of 
immunosuppressive effects in pregnancy. 

151 
IL-18 BINDING PROTEIN UPREGULATES SPONTANEOUS 
AND IL-1-INDUCED PGE2 PRODUCTION IN HUMAN 
PERIPHERAL BLOOD MONONUCLEAR CELLS (PBMC). 
L. L.REZNIKOV. S-H. Kim1, J. Y. Westcott2, J. Frishman1, 
G. Fantuzzi1, D. Novick3, M. Rubinstein3, C.A. Dinarello', 
'Univ. Colorado Health Sciences Center, Denver, CO 80262, 
'National Jewish Medical and Research Center, Denver, CO 80206, 
and 'Wcizmann Institute of Science, Rehovot, Israel. 

IL-18 binding protein (IL-I8BP) binds IL-18 and prevents its 
biological activities. Because of similarities of IL-18 and IL-1 
signaling pathways, the role for IL-18 and IL-18BP in PGE2 
production in human PBMC was studied. Although IL-lß induced 
a 12-fold increase in PGE2 production in PBMC after 48 hours 
compared to resting cells (pO.01), no induction of PGE2 synthesis 
nor cyclooxygenase-2 gene expression were observed in PBMC- 
stimulated with IL-18. Incubation of human blood macrophages 
with IL-18 for 48 hours resulted in production of the chemokine 
IL-8 (p<0.05) whereas induction of PGE2 synthesis was not 
detected. In PBMC IL-18 synergistically enhanced IL-lß-induced 

• IL-8 production, but suppressed IL-lß-induced production o." PGE2. 
The suppressive effect of IL-18 on PGE2 production in PBMC 
appeared to be mediated by IFNyas revealed by anti-IFNy-antibody. 
Similarly, IL-12 augmented IL-lß-induced IFNy but suppressed 
IL-lß-induced PGE2 by 75% (p<0.05). Blocking of endogenous 
IL-18 by an addition of IL-18BP to PBMC increased IL-lß-induced 
PGE2 production (1.8 fold-increase; p<0.05). Unexpectedly, 
treatment with IL-18BP also increased the spontaneous PGE2 
production (2.3 fold-increase; p<0.05). This study suggests that 
endogenous and exogenous IL-18 exerts a suppressive effect on 
PGE2 synthesis in PBMC via IFNy production. Since the 
immunosuppressive properties of PGE2 in Thl responses are 
known, the ability of IL-18BP to increase spontaneous and 
inducible PGE2 may offer an advantage in treatment of Thl- 
mediated autoimmune diseases as IL-18BP reduces IFNy 
production while avoiding suppression of PGE2. 

152 
CONDITION OF CYTOKINE SYSTEM OF THE PERSONS 
UNDERGONE THE INFLUENCE OF RADIATION. L.V. 
GRISHINA. Yu.A. Semiikova. V.V. Temchura, S.V. Sennikov, 
V.A. Kozlov. Institute of Clinical Immunology, 630099, 
Yadrintscvskaya sir.. 14. Novosibirsk. Russia. E-mail: 
iciftti.onlinc.nsk.su 

Gene expression of cylokincs IL-lß. IL-6, TNF-a in 
peripheral blood inononuclcar cells and serum levels of IL-lß. 
IL-6. TNF-a. IL-4, IFN-y of the persons, who were exposed to 
radiation resulted front action at Scinipalatinsk nuclear range 
were measured by the RT-PCR and the 
clectrochemiliiminesccncc method. The increased gene 
expression of IL-lß, IL-6. TNF-a in peripheral blood intact 
mononuclenr cells was observed as well as the increased scrum 
levels of proinflanmialory cytokines IL-1 and TNF-a. The 
increase of their concentration higher than threshold level (for 
IL-lß - 3000 pg/nil, for TNF-a - 2000 pg/ml) resulted in 
change of oilier cytokines scrum levels, particularly Thl and 
Th2 cytokines - IFN-y and IL-4 which largely dclcrminc 
immunopathogencsis features of a radiation defeat. These 
changes depended of the equivalent doze of territory 
radioactive pollution. The concentration of serum cytokines 
were higher at women, than at men. The increase in expression 
and production of proinflaminato.ry cytokines are due to 
patogenctic influence of the radiation on a cytokine network, 
and result in increase of scrum T-hclper type 1 and 2 cytokines 
level. 



950 / Abstracts 

153 154 

IL-2. IFN-y AND IL-4 SERUM PROFILES IN HEPATITIS 
C AND MIXED C+B INFECTION. D.H.KURAMSHIN. 
N.P.ToIokonskaya*, A.N.Silkov, S.V.Sennikov, V.A.Kozlov 
Institute of Clinical Immunology SB RAMS, *Novosibirsk 
State Medical University, 630099, Novosibirsk, 
Yadrintsevskaya str., 14, Russia. 

A group of 132 patients of hepatitis C and mixed 
hepatitis C+B studied both in acute and chronical form, 
serum of healthy donors was used as a control. Serum levels 
of Thl (IL-2 and IFN-y) and Th2 (IL-4) cytokines were 
measured and analysed in relation to the results of PCR and 
anti-NS tests. IL-4 serum levels was significantly higher in 
patients (all subgroups of C and C+B hepatitis) compared to 
controls. Maximum IFN-y and IL-2 levels were detected in 
acute monohepatitis C subgroup with positive RNA HCV 
PCR results( 216 and 46 pg/ml respectively). In acute 
monohepatitis C subgroup with negative PCR IFN-y and IL- 
2 levels were lower (77 and 9 pg/ml), while in chronic 
monohepatitis and all mixed hepatitis subgroups figures 
were comparable to controls despite the PCR test results. In 
acute monohepatitis C subgroup with positive anti-NS test 
IFN-y and IL-2 levels were 207 and 42 pg/ml, while in 
acute monohepatitis C subgroup with negative anti-NS test 
as well as all mixed hepatitis subgroups serum IFN-y and 
IL-2 concentrations were at control level. According to our 
data positive PCR and anti-NS test results in monohepatitis 
C patients are assosiated with marked increase in Thl cells 
secretory activity. 

IL-18 HAS POTENTIAL TO STIMULATE IL-4 
PRODUCTION BY BASOPHILS BUT WITH IL-12 
ONLY EXHIBITS ITS ANTI-ALLERGIC ACTION IN 
VIVO. 
K. Nakanishi,* H. Tsutsui,* H. Okamura,* and T. 
Yoshimoto,* *Hyogo College of Medicine, Nishinomiya 
663-8501 Japan. 

Mast cells and basophils play a key role in allergic 
inflammation. Upon cross-linkage of FceR1, they 
release various chemical mediators and cytokines. 
For this reason, we regard it important to examine the 
effect of IL-12 and IL-18 on the function of these cells. 
Here we show that basophils derived by culture of bone 
marrow cells with IL-3 for 10 days express IL-18Ra 
chain and produce large amounts of IL-4 and IL-13 in 
response to stimulation with IL-3 and IL-18.   Injection of 
a mixture of IL-12 and IL-18 inhibits IgE production in 
helminth infected mice and abolishes the capacity of 
their basophils to produce IL-4 and IL-13 in response to 
stimulation either with IL-3 and IL-18 or with FceR 
cross-linkage. By contrast, this combination of 
cytokines actually increases IgE levels in helminth 
infected IFNy-A mice and enhances IL-4 and IL-13 
production by their basophils. Injection of IL-18 alone 
enhances basophil production of IL-4 and histamine 
both in wild type and IFNy-/- mice. Thus, IL-18, 
although anti-allergic when administered with IL-12, 
stimulates IL-4 and histamine release by basophils in 
vivo. 

155 
STAPHYLOCOCCUS EPIDERMIDIS-1NDVCED IFN-y IN 
WHOLE BLOOD: THE ROLE OF ENDOGENOUS IL-18, IL-12, 
IL-1, and TNF. R. Stnyt'. M. Netea1, S-H. Kim1, D. Novick2, M. 
Rubinstein2, C.A. Dinarello', ' Univ. of Colorado Health Sciences 
Cenler, Denver, CO 80262 and 2 Dept. of Molecular Genetics, 
Weizmann Institute of Science, Rehovot, Israel 

S. epidermidis is a Gram-positive bacterium known to induce 
IFN-y, TNF-a and IL-1. These cytokines are important in the 
Thl/Th2 paradigm. IL-18 is a co-stimulus of IFN-y production in 
the context of IL-12, IL-2 or microbal agents. IL-12 and IL-18 act 
synergistically to increase IFN-y production. Recently, IL-18 
binding protein (IL-18BP) was described as a constitutive 
modulator of the Thl cytokine response. Since IL-18BP binds 
IL-18 and blocks its biological activity, it may play an important 
role in the immune response. We stimulated whole human blood 
with heal-killed S. epidermidis in the presence of various cytokine 
antagonists in order to investigate the cytokine cascade leading to 
IFN-Y production. To assess the importance of IL-18, IL-12, IL-1 
and TNF wc used specific antibodies/ antagonists such as IL-18BP, 
ami-IL-12, IL-1 receptor antagonist (IL-IRa) and TNF binding 
protein (TNF-BP). IFN-Y was measured in these whole blood 
cultures. IL-18BP dose-dependently inhibited IFN-y production by 
50% at 100 ng/mL and at the highest concentration tested (5 
ng/mL) reduced S. epidermidis-iDduccd IFN-y production by 80%. 
IFN-y inhibition in these cultures was also observed with anti- 
IL-12 (77%). IL-IRa (10 ug/mL) marginally reduced IFN-y 
production, non-siatistically significant. TNF-BP (10 ng/mL) 
significantly reduced IFN-y levels by 36%. This study shows that 
endogenous IL-18 is essential for S. epidermidis-induced IFN-y 
production. 

156 
THE  RECOMBINANT AGLYCOSILATED  IL-452 
PARTICIPATES IN THE REGULATION OF IFN-y 
AND IL-4 ACTIVITIES. 
R. Vasilenko, A. Khodyakova, L. Ptitsyn, I. Kosarev, 
A. Vasiliev, T. Chernovskaya, V. Uversky, A. Dene- 
syuk, V. Zav'yalov. 
Institute   of   Immunological    Engineering.    142380 

Lyubuchany, Russia. 
E-mail: abramo01@ssw.alcoa.com 

An alternative splice variant of IL-4 in which the 
second of four exons (residues 22-37) is omitted, has 
been recently discovered and designated as IL-452. The 
protein has been previously described as a potential 
naturally occurring antagonist of IL-4, that is preferen- 
tially expressed in the thymus and airways. In this work 
we investigated the effects of aglycosilated recombi- 

nant human (rh)IL-452 on the activities rhIL-4 and 
rhIFN-y. The IL-482 protein inhibited IL-4-stimulated 
proliferation of human thymocytes. The ability of 

IFN-y (high doses) to inhibit the proliferation of mito- 
gen- stimulated thymocytes was diminished by IL-482 
but not IL-4. Labelled [125I]-IFN-y was bound to two 
types of sites of thymic epithelial cells (TEC): those of 
high-affinity, Kdi=2,2xl0"" M and medium-affinity, 
Kd2=l,9xl0"9 M. The pre-incubation of TEC with IL-4 
but not IL-452 or IL-4 + IL-482 decreased medium- 

affinity IFN-y sit;s expression. 
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TH1H"H2 CYTOKINE PRODUCTION DURING THE STRESS 
OF BREAST CANCER DIAGNOSIS. L. WITEK-JANUSEK and 
H. L. Mathews. Loyola University of Chicago, Maywood, IL 
60153. 

Psychological stress can lead to changes in immune 
function. In this study, the experience of diagnostic breast 
biopsy was evaluated for its' effect, as a naturalistic Stressor, 
on NK cell activity (NKCA) and cytokine production. A within 
group design in which women experiencing heightened 
psychological stress (pre biopsy) followed by alleviation of 
stress (post-biopsy) was employed. Psychological stress 
was measured by assessing mood disturbance, perceived 
stress, and anxiety. Most women experienced heightened 
perceived stress, anxiety, anger, depression, and teision 
prior to biopsy with alleviation post biopsy. Additionally, most 
women experienced decreased vigor and increased fatigue 
pre biopsy with alleviation post biopsy. Overall, these 
psychological effects corresponded with a reduction in NKCA 
pre-biopsy and an increase in NKCA post biopsy. Women 
with continued high mood disturbance and high stress post 
biopsy had even further reductions in NKCA. Women with 
high mood disturbance and high fatigue also had decreased 
capacities to produce interferon y. Further, Th1/Th2 ratios of 
IL-2 or interferon y : IL-10 showed that women with 
heightened perceived stress and fatigue had reduced ratios 
of Th1 to Th2 production of cytokines. These observations 
demonstrate this paradigm of human stress to result in not 
only an acute reduction in immune function at the time of 
breast biopsy but also a sustained reduction in NKCA and 
Th1 cytokine production with continued stress. 

158 
THE EFFECT OF EXCITOTOXIC DAMAGE ON ENDOGENOUS IL-Iß 
EXPRESSION IN THE RAT BRAIN. LC Parker. GN Luheshi, NJ 
Roth.veil & SM Allan. University of Manchester, M13 9PT, UK. 

The cytokine interleukin-1 ß (IL-lß) has been proposed to mediate 
several forms of acute neurodegeneration. Co-injection of the 
glutamate receptor agonist S-AMPA and IL-lß in the striatum of the 
rat brain results in severe distant injury in the cortex, which is not 
seen when S-AMPA is injected alone. The objective of the present 
study was to investigate the role of endogenous IL-lß in this 
phenomenon. This was achieved by measuring IL-lß mRNA 
expression, at several sites in the rat brain, using competitive R.T- 
PCR. IL-lß mRNA expression was significantly increased at the site 
of injection (striatum) by insertion of the injection cannulae (sham 
operated animals) compared to untreated animals, probably due to 
mechanical tissue damage. Injection of vehicle, S-AMPA, IL-lß or 
IL-lß+S-AMPA caused no further increases in IL-lß mRNA 
expression in the striatum. In the cortex there was a significant 
increase in IL-lß mRNA expression in sham operated rats when 
compared to naive animals, and injection into the striatum of hiL-lß 
or IL-lß+S-AMPA caused a further significant increase in IL-lß 
mRNA expression when compared to sham, vehicle or S-AMPA 
treated groups. This increase in endogenous IL-lß in the cortex may 
contribute to the cell death that occurs in this area when IL-lß is co- 
injected with S-AMPA in the striatum. In the hypothalamus, an 
important target of cytokine actions in the brain, there was a 
significant increase in IL-lß mRNA expression only in response to 
striatal injection of IL-lß or IL-lß+S-AMPA (compared to 
untreated, sham, vehicle or S-AMPA treated animals). This result 
may indicate that IL-lß injection in the striatum upregulates its own 
expression in different remote brain regions, through the activation 
of specific neuronal pathways, utilising important brain regions such 
as the hypothalamus. Further work will investigate the nature of 
these pathways. 

159 
INDUCIBLE EXPRESSION  OF THE LONG PENTRAXIN 

PTX3 IN THE CENTRAL NERVOUS SYSTEM 

Barbara Bottazzi+, Nadia PoIentarutti+, Elena Di Santo+, Elisabetta 

Blasi , Pietro Ghezzi+, Martino Introna+, Tamas Bartfai , 

Grayson Richards and Alberto Mantovani+ 
+ Mario Negri Institute, Milano, Italy; Microbiology Section, 
Department of Experimental Medicine and Biochemical Sciences, 
University of Perugia, Perugia, Italy; Pharmaceutical Division, F. 
HolTmann-La Roche Ltd., Basel, Switzerland and Pathology and 
Immunology Section, Department of Biothecnology , University of 
Brescia, Italy. 

PTX3, a prototypic long pentraxin, is induced by primary 
proinflammatory signals in various cell types, most prominently 
niacrophages and endothelial cells. Other long pentraxins, such as 
rat neuronal pentraxin I and human neuronal pentraxin 2 (NPTX2), 
are expressed in the central nervous system (CNS). The present 
study was designed to investigate whether PTX3 is expressed in 
the brain and to define the structures and cells involved. Lev., but 
not i.V., injection of LPS induced high levels of PTX3 mRNA in 
the mouse brain. Lev. IL-lß was also a potent inducer of PTX3 
expression in the CNS, whereas TNFa was substantially less 
effective and lL-6 induced a barely detectable signal. Central 
administration of LPS and IL-1 induced PTX3 also in the 
periphery (heart) whereas the reverse did not occur. Expression of 
PTX3 was also observed in the brain of mice Lev. infected with 
Candida albicans or Cryptococcus neoformans. In situ 
hybridization revealed that Lev. injection of LPS induced a strong 
PTX3 expression in presumptive glial cells in the white matter 
(corpus callosum, fimbria) and meningeal pia mater as well as in 
dentate gyrus hilus and granule cells. No constitutive expression of 
PTX3 was detected. Central expression of PTX3 may amplify 
mechanisms of innate resistance and damage in the CNS. The 
possibility of a direct interaction of PTX3 with neuronal cells, as 
suggested for NPTX2, remains to be explored. 

160 
Deoxycholic and Chenodeoxycholic Acids Inhibit 
Monocyte Function by Blocking fMLP Receptor 
Xin Chen i, O.M. Zack Howards*, Joost J. 
Oppenheim1 'Laboratory of Molecular 
!mmunoregulation,2Intramural Research Support Program, SAIC 
Frederick, National Cancer Institute-Frederick Cancer Research 
,ind Development Center, Frederick, MD 21702 *Supportcd by 
NCI Contract NO1-CO-56000 

Systemic infection and endotoxemia commonly occur in 
patients with severe cholestasis. Increased bile acid 
concentrations associated with cholestasis suppress cell-mediated 
immunity, although the mechanisms are not fully understood. 
The first line of defense against invading microorganisms is 
phagocytic leukocytes. Bacterially derived formylated peptides 
such as, (MLP, are potent chemoattractants for phagocytic 
leukocytes. We have investigated the ability of 7 bile acids to 
inhibit monocyte responses induced by chemoattractants. Co- 
incubation of fMLP with major components of human bile, 
deoxycholic acid (DCA) or chenodeoxycholic acid (CDCA), 
markedly inhibited chemotaxis by monocytes and RBL cells 
transfected to express only fMLP receptor (ETFR). Co- 
incubation of DCA or CDCA with 5 chemokines did not 
significantly inhibit chemotaxis. These bile acids also inhibited 
fMLP-induced calcium flux and -'H-fMLP binding to monocytes 
and ETFR cells. DCA and CDCA inhibited fMLP responses at 
non-cylotoxic concentrations. Pictreatment of monocytes with 
DCA followed by washing did not increase the observed 
inhibition, suggesting that DCA interacts with fMLP. These 
results suggest that elevated levels of DCA and CDCA seen in 
cholestastic disease may impair cell-mediated immunity by 
inhibiting fMLP receptor function. 
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T HELPER 2 CELLS SPECIFICALLY ENHANCE MMP-1 
PRODUCTION ON HUMAN MONONUCLEAR PHAGO- 
CYTES IN A CONTACT-DEPENDENT FASHION AND BY 
RELEASING IL-4. CHIZZOLINI C. Rezzonico R, Dc Luca C, 
Burger D, Dayer J-M. Division of Immunology and Allergy, 
University Hospital, CH-1211 Geneva 14, Switzerland. 

Monocytc/macrophagcs (M((i) are directly involved in both 
tissue remodeling and destruction through the release of metal- 
loprotcinascs (MMP). In the present study, we examined the 
effect of T-hclper cell polarization on the production of MMP- 
1, MMP-9, and their inhibitor TIMP-1 by M<t> activated by 
contact with T cells. Plasma cell membranes from antigen- 
activated Thl and Th2 cell clones proved potent induccrs of 
MMP-1 production by monocytic THP-1 cells, while TIMP-1 
levels were not affected. By using neutralizing reagents cell 
membrane-associated TNF was found to be partially involved 
in MMP-1 induction by both Thl and Th2 cells. In Th2 cells 
exclusively, membrane-associated IL-4 induced MMP-1 pro- 
duction by THP-1 cells. This membrane-associated IL-4 effect 
was additive to TNF and specifically observed on MMP-1 since 
MMP-9 production was not enhanced. Similarly, soluble IL-4 
which induced THP-1 cells to produce MMP-1 and .<:howcd 
additive activity with soluble TNF, was blocked by IL-4 neu- 
tralization but unaffected by the presence of indomcthacin or 
polymyxin-B. These effects were observed at protein and 
mRNA levels. When peripheral blood CD14+ monocytcs were 
cultured for 7 d in the presence of GM-CSF, soluble IL-4 
decreased spontaneous MMP-9 production and enhanced T 
cell-induced MMP-1 production both at protein and mRNA 
levels. In contrast with previously reported effects, Th2 and IX- 
4 specifically induce MMP-1 production by mononuclear 
phagocytes. This IL-4 activity may be relevant to some patho- 
logical conditions dominated by Th2 inflammatory responses. 

162 
INFLAMMATORY CYTOKINE RESPONSES IN IR- 
RADIATED GASTROINTESTINAL (GI) EPITHELIAL 
CELLS. B.M. Daly. C.J. Kovacs, and M.J. Evans. East 
Carolina University School of Medicine, Greenville NC 
27858. 

While the epithelial lining of the GI mucosal surface was 
traditionally viewed as a passive barrier, more recent evi- 
dence suggests that it functions as a sensitive indicator of 
oxidatative stress and, as such, is actively involved in the 
initiation of non-specific as well as specific host-defense 
lesponses.    In order to better understand the mechan- 
ism(s) by which epithelial cells respond to oxidative 
stress,  we established the expression of inflammatory 
cytokines and the activation of transcription factor NFKB 
in the GI epithelial cell line IEC-6 following ionizing (x) 
irradiation (xRT).  Cells were exposed to doses of xRT 
ranging from 0 to 12 Gy and cytokine expression in the 
culture medium measured by ELISA.   NFKB activation 
was measured in nuclear extracts by EMSA. The results 
indicated that IEC-6 cells constitutively produced of a 
number of inflammatory cytokines including IL-1 and 
IL-6.   Moreover, the expression of both of these cyto- 
kines increased in a dose responsive manner.  Similarly, 
the activation of NFKB in IEC-6 cells was observed to be 
related to xRT dose with a threshold of > 1.5 Gy.   Pre- 
liminary kinetic data suggests that there was an abbreviat- 
ed delay between the activation of NFKB and cytokine 
exprtession.  A comparison of the response of the IEC-6 
cell line to xRT and the inflammatory cytokine TNFcc is 
presented. 

163 
HSP 27 SIGNALS M0 IL-10 VS IL-12 VIA DIFFERING 
PATHWAYS AND WITH DIFFERENT POTENCY FOR 
NORMALS VS IMMUNODEPRESSED TRAUMA 
PATIENTS. A.K.De. K.Kodys, C.Miller-Graziano, UMass 
Medical School, Worcester, MA 01655. 

Large Hsps (60,70) induce proinflammatory cytokine 
production by human M0. Paradoxically, increasing large 
Hsp levels is beneficial in endotoxin induced systemic 
inflammatory syndrome, suggesting that Hsps may induce 
different cytokine responses in unstimulated versus in vivo 
activated cells. Here, Hsp 27, an essential substrate for a 
protein kinase in the p38 mitogen activated protein kinase 
(MAPK) pathway leading to M0 cytokine production, was 
compared to SEB+MDP for its induction of IL-12, an 
immunostimulatory cytokine, and of IL-10, an anti- 
inflammatory cytokine, using both normal human M0 and 
M0 from immunodepressed or immunocompetent trauma 
patients (pt). Hsp 27 activation requirements for both the 
M0 Erk and p38 MAPKinase pathways were evaluated by 
Western blot for P-Erk and P-p38, by kinase assay of 
MAPKAPK-2, and with the specific MAPK inhibitors 
SB203580 (p38) or PB98059 (Erk). Hsp 27 stimulated 
normals' or immunocompetent trauma pts' M0 to 2.5-3.5 
greater increases in IL-10 and IL-12 than SEB+MDP. 
Even trauma pt with depressed M0 IL-10 levels responded 
to Hsp 27 with a 2.5 fold increase in IL-10 production vs 
SEB+MDP induction. In striking contrast, pt M0 with 
highly depressed IL-12 production to SEB+MDP 
produced 8-10 fold more IL-12 in response to Hsp 27. 
Additionally, although Hsp 27-induced M0 IL-10 
critically depends on p38 MAPK pathway activation, its 
induction of IL-12 depends neither on the p38 nor the Erk 
1/2 pathways. This suggests Hsp 27 is not only a potent 
stimuli of both IL-10 and IL-12, but its potency for IL-12 
induction differs depending on M0 activation status. 

164 
ANTIGEN-INDUCED ARTHRITIS IN IL-6 KNOCK OUT MICE: 
DIFFERENT RELEVANCE OF HUMORAL AND CELLULAR 
IMMUNITY FOR DISEASE DEVELOPMENT 
de Hooge A.S.K.. Arntz O.J., van de Loo FA.J. and van den Berg 
W.B. Rheumatology Research Laboratory, University Hospital 
Nijmegen, P.O. box 9101, 6525 GA Nijmegen, The Netherlands 

lnterleukin-6 (IL-6) is a multifunctional cytokine that is highly 
expressed during arthritis. Its exact function during arthritis is 
however not known. Wc studied the role of IL-6 in the murine 
antigen-induced arthritis model (AIA). Both wildtype (wt) and IL-6 
knock out (IL-6-/-) mice were immunized and boostered with 100 
;ig methylated Bovine Serum Albumin (mBSA). Arthritis was 
induced by intra-articular (i.a.) injection of 60 ug mBSA. At day 1 of 
AIA both IL-6-/- and wt mice developed joint inflammation. Joint 
swelling and influx of inflammatory cells (predominantly PMN's) were 
identical between the strains. The wt mice developed a severe and chronic 
arthritis. In (lie EL-6-/- mice however inflammation subsided after day 1. 
IL-6 lias been shown to be important for immune development We 
therefore looked at die role of the immune status for development of AIA. 
Prior to i.a. injection the IL 6-/- mice liad developed lower antigen- 
specific antibody liters, mainly of IgG2a/2b. By immunizing wt mice wiUi 
10 instead of 100 ug mBSA Uicy developed antigen-specific IgG2a liters 
comparable to 1L^6 -I- mice. A reduced humoral immunity however did 
not prevail the development of arthritis in Uiese wt mice. Cellular 
immunity was assessed by T cell proliferation. We found Uiat lymph node 
cells (LN) from immunized animals were unable lo respond to the anligcn 
in Ihc absence of IL-6. LN cells from wt mice immunized with 10 ug 
mBSA responded well after stimulation wifli mBSA while LN cells from 
IL-6 -/- mice could not respond. To conclude we found no differences at 
day I of AIA in die inflamed joints of wt and IL-6-A mice. Antigen- 
specific antibody levels were not determining during onset of AIA. An 
impaired T cell response in die absence of IL-6 in contrast might 
contribute lo die different disease development after day 1 in IL-6-/- mice. 
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RADIATION DOSE AND TIME CONFIGURATIONS, 
LATE INTESTINAL EFFECTS, AND THE EXPRES- 
SION OF INFLAMMATORY AND FIBROGENIC 
CYTOKINES IN FIBROSIS SENSITIVE MICE. M.J. 
Evans, C.J. Kovacs, and B.M. Daly. East Carolina 
University School of Medicine, Greenville, NC 27858. 

The effects of radiation dose and time on the develop- 
ment of gastrointestinal (GI) late effects were studied in 
the C57B1/6 fibrosis-sensitive mouse after either single, 
high dose (17.5 Gy), split-dose (13.75 Gy qlOd x2) or 
conventional fractionated dose (2.0 Gy; q24hr x 5 -* 74 
Gy) irradiation (xRT).   Intestinal adhesions first appear- 
ed at 16-20 weeks after each xRT schedule, increasing 
rapidly after the high-dose xRT, but more slowly after the 
split-dose and fractionated xRT.   Fibrotic obstructions 
were apparent at the cccocolic junction following high- 
dose and split-dose xRT, but not fractionated xRT, during 
weeks 28-40.  ELISA analysis demonstrated cyclic waves 
of enhanced plasma levels of IL-la and TGFß following 
each of the xRT schedules.   In non-xRT control animals, 
the mean liter of IL-la and TGFß was 3.64±1.02 and 
1.34±0.46 ng/ml, respectively. The cyclic waves of IL- 
la, separated by the waves of TGFß , were in excess of 
200% of control and returned to control levels by 36 
weeks. Conversely, plasma TGFß remained elevated 
throughout week 48.   During the first week of the acute 
colonic response, immunohistochemical analysis of tissue 
IL-la and TGFß were unremarkable between the three 
xRT schedules.  However, a significant (p<0.05) dose 
response was observed in the activation of NFKB which 
regulates transcriptional expression of IL-lu.  Converse- 
ly, the expression of tissue levels of TGFß and collagen in 
the region of the cccocolic junction during week 20-28 
following xRT was distinguished by the xRT schedule. 

LOCAL PRODUCTION OF IL-18, MlP-la, and MIP-2 AT THE 
SITE OF TURPENTINE-INDUCED INFLAMMATION 
G. Fantuzzi, D.A. Reed, and C.A. Dinarello.    University of 
Colorado Health Sciences Center, Denver, CO, 80262 

The subcutaneous administration of turpentine generates a sterile 
localized inflammation, which induces a systemic aculc-phasc 
response (APR). The necessary role for IL-lß in the development 
or turpentine-induced APR has been well characterized. However, 
the local cytokine production at the site of turpentine- induced 
inflammation remains unknown. Using turpentine-injected wild 
type (WT) and IL-lß-deficicnt (IL-lß KO) mice, we evaluated the 
kinetics and IL-lß-depcndency of local and systemic IL-18, 
MlP-la, MIP-2, IL-la, TNFa, IFNy, and IL-6 production. Local 
production of IL-18, as well as of the chemokines MlP-la and 
MIP-2 in tissue homogenates peaked at 4 days following turpentine 
administration and declined thereafter, but was still significantly 
elevated 15 days after injection. Reduced IL-18, MlP-la, and 
MIP-2 levels were observed in IL-lß KO mice, although substantial 
production of these cytokines was still present even in the absence 
of IL-lß, particularly at later time points. No systemic levels of 
IL-18, MlP-la or MIP-2 were detectable at any time point. In fact, 
IL-6 was the only cytokine detectable in the systemic circulation 
and was reduced in IL-IßKO mice. On the other hand, in IL-lß 
KO mice local IL-6 levels were only reduced at 8 h following 
turpentine administration, but this was not seen at later time points. 
In addition, no increase in either local or systemic IL-la, TNFa or 
IFNy was observed at any of the time points evaluated. 
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EFFECT ON CYTOKINES PRODUCTION AND 
LEUKOCYTE RECRUITMENT BY LOVASTATIN AND 
SQUALESTATIN. Paolo Fruscella. Diego Albani, Marcello 
Sottocomo,Marco Bianchi, Alessandra Bruno, Maria Romano, 
Mario Salmona and Luisa Diomede, Department of Biochemistry 
and Molecular Pharmacology, Istituto di Ricerche Farmacologiche 
"Mario Ncgri", Via Eritrea 62, 20157 Milano, Italy (D.A., M.S., 
P.F., M.B., A.B., M.R., M.S., L.D.). 

The enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG- 
CoA) rcductase is the committed step for sterol and non-sterol 
mevalonate-dcrived intermediates, affecting not only cholesterol 
synthesis but also the production of other biologically active 
molecules. An anti-inflammatory action of HMG-CoA reductase 
inhibitors was suggested since in vitro these drugs down regulate 
cytokine and chemokine production. To clarify if another 
cholesterol-lowering drug, squalestatin, has any anti-inflammatory 
effect, we used an in vivo model of local inflammation. Lovastatin 
inhibited HMG-CoA reductase, down regulating the synthesis of 
sterol and non-sterol intermediates; squalestatin only affected the 
formation of sterol derivatives, since it reduced the activity of 
squalene synthasc. Lovastatin, at doses which reduced the activity 
of HMG-CoA reductase without affecting blood cholesterol, 
significantly reduced lipopolysaccharide- or carrageenan-induccd 
leukocyte recruitment. In the same animals local production of IL- 
6, MCP-1 and Rantcs decreased. Lovastatin did not.reduce 
leukocyte recruitment in IL-6 -/- mice, indicating that IL-6 is 
critical for the statin's anti-inflammatory effect. Squalestatin at 
doses that significantly lowered serum cholesterol and increased 
HMG-CoA rcductase activity did not show any anti-inflammatory 
effect. In conclusion, our data indicate that the inhibition of sterol 
synthesis only does not block cytokine and chemokine production 
since their synthesis depends on non-sterol mcvalonate metabolites. 

168 
INTERLEUKIN-1 RECEPTOR ANTAGONIST IS PRODUCED AS AN 
ACUTE-PHASE PROTEIN IN VIVO. C. GABAY, G. FantUZZi, J. 
Gigley, W.P. Arend, UCHSC, Denver, CO 80262. 

To examine production of IL-1 receptor antagonist (IL-1Ra) 
by the liver in vivo, mice were injected intraperitoneally with 
IPS. Plasma levels of IL-1Ra increased in response to LPS. 
By RNase protection assay, high levels of slL-1Ra, but not icIL- 
1 Ra1, mRNA were detected in the liver in response to LPS. By 
Western blot analysis, both slL-1Ra and iclL-1Ra3 proteins 
were present in liver tissue homogenates. By in situ 
hybridization, only slL-1Ra mRNA was found in hepatocytes. 
Liver slL-1Ra mRNA levels were also elevated following 
turpentine-induced inflammation. The kinetics of slL-1Ra 
mRNA production were similar to serum amyloid A1 (SAA1) 
mRNA, a well-described acute-phase protein. Increased 
plasma levels of IL-6, but not IL-1ß, were detected in mice 
treated with turpentine, suggesting that synthesis of both sIL- 
1Ra and SAA1 mRNA were stimulated by IL-6. To further 
examine the regulation of slL-1Ra production in vivo following 
turpentine injection, we used IL-1 ß and IL-6 knockout (KO) 
mice. In IL-lß KO mice, circulating levels of IL-6 increased, but 
were significantly lower than in wild-type (WT) mice. Liver sIL- 
1Ra mRNA levels were also significantly lower in IL-1 ß KO mice 
than in WT mice. In IL-6 KO mice, both liver slL-1Ra and SAA1 
mRNA levels were significantly lower than in WT mice. In 
contrast to the liver, all the different IL-1Ra isoforms were 
detected at the si.e of inflammation and their production was 
not dependent on IL-6. In conclusion, our results show that 
slL-1Ra and iclL-1Ra3 are produced by hepatocytes in 
response to local and systemic inflammation and that 
production of IL-1Ra is regulated differently in the liver than at 
the site of inflammation. 
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DIFFERENTIAL TISSUE DISTRIBUTION OF IL-1 ALPHA AND 
BETA. M. Hacahm, S. Argov1, E. Voronov, R. M. White, S. 
Segal and R. N. Apte, Ben-Gurion University, Beer-Sheva 
84105, Israel. 

Pto-inflammatory cytokines may play an important role in organ 
homeostasis, by participating in diverse functions, such as host- 
defense and proper metabolic functions, beyond the realm of 
immunology, lnterleukin-1 (IL-1) is a pleiotropic cytokine that 
affects inflammatory and immune responses.lt is possibly that 
within the producing cell, where the IL-1 molecules are 
expressed in different sub-cellular compartments, that their 
differential effects can be expressed. Thus, IL-1 a is mainly 
active in its cytosolic precursor or as a membrane-associated 
form, while IL-1 ß is active only in its mature secreted form. We 
have assessed organ/tissue cytokine expression in young and 
old mice, by bioassays, ELISAs and immunohistochernistry. 
According to cytokine expression patterns, organs can be 
divided into main two categories; "lymphoreticular organs" (i.e. 
the liver, spleen, lungs and small intestine), that characterize 
the gates of entry of pathogens into the body, mount 
inflammatory responses based mainly on high IL-1 expression. 
This enables mounting potent inflammatory responses, even at 
the possible cost of tissue-damage. In contrast, homeostasis of 
highly vulnerable internal organs (i.e. the heart, muscle, kidney 
and brain), referred by us as "privileged organs" is characterized 
by inflammatory responses based on more docile cytokines, 
such as IL-6 and CSFs and not on IL-1-mediated responses. 
Hence, the privileged organs can develop milder and more 
tightly regulated inflammatory responses with less potential for 
tissue-damage. IL-1a and IL-1ß were found to be differentially 
expressed in these two groups of organs. Thus, IL-1 a is 
dominantly expressed in lymphoreticular organs, while IL-1ß 
expression is more characteristic of the privileged organs. This 
patterns of expression are more accentuated at old age. The 
results may hint to the different physiological roles of IL-1 a 
versus IL-1 ß in tissue homeostasis. 

STAT6 MEDIATES THE ANTI-INFLAMMATORY 
EFFECTS OF IL-4 AND IL-13 IN HEPATIC ISCHEMIA/ 
REPERFUSION INJURY. A.B. Lentsch, A. Kato, M.J. Edwards. 
University of Louisville School of Medicine, Louisville, KY 40292 

Liver injury induced by hepatic ischemia and reperfusion (I/R) is 
characterized by activation of the transcription factor, NFKB, 

increased TNFa production, liver neutrophil accumulation and 
hepatoceliular damage. The objective of the present study was to 
determine whether IL-4 and IL-13 could inhibit liver inflammatory 
injury induced by hepatic I/R and, if so, by what mechanism(s). 
Mice underwent 90 minutes of hepatic ischemia followed by 8 

NFKB STAT6 TNFa MPO ALT 

Group (RI units) (RI units) (PE/ml) (A655) (IU/ml) 

sham 11±1 10 ±.4 13 ±5 0.0 ±0 0.0 + 0 

I/R 20 ±1 12 ±.5 86 + 2 1.2 ±.2 1.1 ±.5 

I/R+IL-4 21+2 19 ±.8* 51 + 13* 0.3 ±.1* 0.5 ± .2* 

I/R+IL-13 20 ±1 23 ± .7* 19 ±12* 0.4 + .2* 0.4 ±.1* 

Data are expressed as mean ± SEM. *P<0.05 versus I/R group. 
Hepatic I/R significantly increased (P<0.05) NFKB activation, 
serum levels of TNFa, liver accumulation of neutrophils 
(measured by myeloperoxidase [MPO] content) and hepatoceliular 
damage (measured by serum alanine aminotransferase [ALT]) 
when compared to sham controls. Activation of STAT6 was not 
evident after I/R. Administration of 1 u,g of IL-4 or IL-13 at 
reperfusion reduced serum TNFa, liver neutrophil accumulation 
(MPO) and hepatoceliular injury (ALT). IL-4 and IL-13 had no 
effect on liver NFKB activation but significantly increased 
activation of STAT6. In STAT6 knockout mice, neither IL-4 nor 
IL-13 had any effect on TNFa, MPO or ALT values; the 
regulatory effects of these cytokines being completely abolished. 
These data suggest that activation of STAT6 may be essential for 
regulation of liver inflammatory injury. 
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CONSTITUTIVE EXPRESSION OF PLD2 AND 
SELECTIVE INDUCTION OF PLD1 DURING 
PATHOGEN-MEDIATED  MONOCYTE ACTIVATION 
Massimo Locati*0, Elena Riboldi*, Rarfaella Bonecchi* Pietro 
Transidico*, Budduluri Haribabu#, Andrew J. MorrisA, Alberto 
Mantovani*0 and Silvano Sozzani* 
•Istituto di Ricerche Farmacologiche "Mario Negri", Milan, Italy; 
CDipartimento di Biotecnologie, Sezione Patologia Generale, 
Universitä di Brescia, Brescia, Italy; #Department of Medicine, 
Duke University Medical Center, Durham, NC, USA; 
"Department of Pharmacological Sciences, Stony Brook Health 
Sciences Center, Stony Brook, NY, USA. 

Phospholipase D (PLD) activation is part of the complex 
signalling cascade induced during phagocyte activation. Two PLD 
isolbrms have been cloned, but their role in phagocyte functions is 
slill unknown. We report that resting monocytes selectively 
expressed PLD2, while PLD1 became delectable both at mRNA and 
prolein level only following cell activation by pathogen-derived 
agonists (LPS, Candida albicans, Gram-positive bacteria and 
mycobacleria-derived arabinoside-terminated lipoarabidomannans) 
through a mechanism involving the patlern recognition receptor 
CD-I4. Proinflammalory cytokines (IL-Iß and TNFa) had only a 
weak cITecl, while immune cytokines (IL-6 and IFNy), anli- 
inl'laninialory cytokines (IL-13) and chemoattraclants (FMLP and 
MCP-1) were inactive. None of the agonists tested induced 
significant changes in PLD2 expression. Consistently with this, 
PLD enzymatic activity was increased in monocytes treated with 
pathogen-derived agonists. Thus, PLD2 is a conslilutive enzyme in 
circulating monocytes that likely sustains the PLD activity rapidly 
observed after stimulation with chemoattraclants and inflammatory 
agonists. Conversely, PLD1 is an inducible prolein selectively 
expressed during cell activation and could play a role in immune 
responses against pathogens and in chronic inflammation. 

EXPRESSION OF IL-1 ß IN HUMAN FIBROBLASTS 
LEADS TO AUTOCRINE ACTIVATION. P. LOTTAZ, 
C. Solioz, K. Freiburghaus, Z. Beleznay, M. Bickel, 
University of Berne, 3010 Berne, Switzerland 

Primary human dermal fibroblasts (HDF) treated with 
TNFa express IL-lß. To further investigate the function 
of IL-lß, we transiently transfected HDF and human 
embryonic kidney cells (HEK293) using expression 
plasmids containing the IL-lß coding sequence under the 
control of a SV40 promoter. Expression levels of DL-lß 
and of IL-8, as an indicator of inflammatory activation, 
were assessed using ELISA. In HDF, cell-associated 
IL-lß was highest three days after transfection, reaching 
similar levels as in untransfected TNFa-treated HDF. 
IL-lß was also released into the medium. IL-8 followed 
IL-lß with a delay of 24 h. The induction of IL-8 was 
inhibitable by a monoclonal anti-human IL-lß antibody 
(R&D MAB601), recombinant IL-1 receptor antagonist, 
or soluble IL-1 receptor type I. In contrast to HDF, 
transfected HEK293 kidney cells did not autonomously 
release IL-8. IL-lß in these cells was even 2 to 3 times 
higher than in HDF. In addition, exogenously added 
recombinant mature IL-lß induced an IL-8 response. We 
conclude that SV40-driven expression of IL-lß in HDF 
induces autocrine activation. Interestingly, this 
phenomenon is not observed in HEK293 cells, indicating 
that these cells may lack a component to generate 
biologically active IL-lß. We speculate that, in vivo, 
autocrine activation of fibroblasts induce and amplify a 
local inflammatory response. 
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PERITONEAL ABSCESS FORMATION INDUCES IL-6, 
FIBRINOGEN AND ARDS-LIKE ABNORMALITIES IN 
SEPTIC RAT LUNGS. JR. Lussicr. N. Espina, and J.H. 
Siegel, UMDNJ-New Jersey Medical School & Graduate 
School of Biomcdical Sciences, Newark, NJ 7103. 

The development of a severe septic process is frequently 
associated with the subsequent evolution of the acute 
respiratory distress syndrome (ARDS). This study examines 
the relation of abscess development in a septic rat model, 
with the onset of ARDS-like changes. It employs the use of 
a rat model with peritoneal implantation of a fecal-agar 
pellet. Characterization of fibrin deposition and col'agen 
synthesis was examined by H&E, and Gomori's Trichrome 
staining procedures. Interleukin-6 (IL-6) and fibrinogen 
mRNA were detected in lung tissues by in situ hybridization, 
with visualization by light microscopy. Lung tissue analysis 
demonstrated an increased IL-6 mRNA expression in the 
sterile inflammation and septic lungs as compared to 
controls, with a subsequently greater increase in the septic 
animals at days 2 and 3, as the abscess formed. Fibrinogen 
mRNA expression exhibited similar patterns, but at lower 
levels. The pattern of ARDS was evident in the lung with 
increased connective tissue deposition in the interstitium, 
associated with increased macrophage (mij)) infiltration. The 
IL-6 mRNA expression corresponds to peak cytokine levels 
in circulation at day 3. We propose that the abscess plays a 
key role by acting as a functional cytokine producing organ, 
which results in a large lung infiltration of IL-6 producing 
miji's, during chronic septic inflammation with enhanced 
ARDS-like changes. 

IL-16   INDUCES   THE   PRODUCTION   OF   PRO- 
INFLAMMATORY CYTOKINES 
N.L. MATHY and R. Kurth. Paul Ehrlich Institute, 
Paul-Ehrlich-Str 51-59, D-63225 Langen, Germany 

IL-16 acts as a chemoattractant for CD4+ cells, as a 
modulator of T cell activation, and plays a key role in 
asthma. This study describes the cytokine inducing 
effects of IL-16 on total PBMCs and PBMC 
subpopulations. While CD4+ T lymphocytes did not 
secrete cytokines in response to IL-16, CD14+CD4+ 

monocytes and maturing macrophages secreted IL-lß, 
IL-6, IL-15 and TNFa upon IL-16 stimulation. The 
mRNA species for these four cytokines were detected as 
early as 4h post stimulation, with protein being secreted 
by 24h. Secretion of IL-lß and IL-6 by total PBMCs 
was dose dependent, with maximal secretion being 
observed using 50 ng/ml IL-16. However, for IL-15 or 
TNFa maximal secretion by total PBMCs occurred with 
all concentrations between 5 ng/ml to 500 ng/ml IL-16. 
Purified monocytes/macrophages secreted maximal 
concentrations of all four cytokines in the presence of 
500 ng/ml IL-16. The use of higher concentrations of 
IL-16 (1000 ng/ml) inhibited secretion of all four 
cytokines. While these IL-16 induced cytokines are 
likely to be involved in the immune system's response 
to antigen, the data suggest that IL-16 is likely to play a 
key role in initiating and/or sustaining an inflammatory 
response. 
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SELECTIVE EXPRESSION AND REGULATION OF 
TOLL LIKE RECEPTORS (TLR) IN HUMAN 
LEUKOCYTES. 
N. Polcntarulli*, D. Bosisio*, A. StoppacciaroA, G. D'amico*, P. 
Allavcna*. L. RucoA, M. Muzio\ A. Manlovani*. 
*Depl. Immunology and Cell Biology, Mario Negri Institute, via 
Eritrea 62,  1-20157, Miiano,   Italy,   and  ADept.  of Pathology, 
University "La Sapienza" of Rome, 1-00161, Rome, Italy. 

Members of the Toll like receptor family (TLRs) probably 
play a fundamental role in pathogen recognition and activation of 
innate immunity. The present study analysed how different human 
leukocyte populations express the first 5 characterised TLR family 
members at the level of mRNA. TLR1 was expressed in all 
leukocytes examined, including monocytes, polymorphonuclear 
leukocytes, T and B cells and NK cells. In contrast TLR2, TLR4 
and TLR5 were expressed only in myelomonocytic elements. 
Exposure to bacterial products, or to proinflammatory cytokines, 
increased TLR4 transcripts in monocytes and PMN, whereas IL-10 
blocked this effect. TLR3 mRNA was only expressed in monocyle- 
dcrived dendritic cells (DC). 

These results demonstrate that TLR1 through 5 are 
differentially expressed and regulated in human leukocytes. In 
particular, expression of TLR3 is restricted to DC that are the only 
elements which express the full TLR repertoire. These data suggest 
that TLRs can be classified based on expression pattern in 
Ubiquitous (TLR1), Restricted (TLR2, TLR4 and TLR5 in 
myelomonocytic cells), and Specific (TLR3 in DC) molecules. 

IRAK-M IS A MEMBER OF THE INTERLEUKIN-1 
RECEPTOR-ASSOCIATED KINASE FAMILY. Kehinde 
Ross, Frederique Guesdon*, Francois Guesdon,* Steve 
Dower* and Filippo Volpe. Cell Biology Unit, 
GlaxoWellcome Research and Development, Gunnels 
Wood Road, Stevenage, Herts, SGI 2NY, UK. 
"Molecular and Genetic Medicine, Univ. of Sheffield, 
Royal Hallamshire Hospital, Sheffield S10 2JF, UK. 

Interleukin-1 is a multifunctional cytokine of the innate 
immune system implicated in several pathophysiological 
conditions. IL-1 binding induces the recruitment of the 
kinases IRAKI and IRAK2 to the receptor complex. 
IRAK-M has recently been identified as a third member of 
this family. Here we show that its overexpression activates 
NFKB in HEK293T or COS1 cells. This activation occurs 
in a dose-dependent manner, and can be inhibited by co- 
expression of dominant-negative TRAF6. Like the other 
two members of the family, IRAK-M contains an amino- 
termina! death domain (DD). Overexpression of IRAK-M 
death domain inhibits IL-1 and TNF-induced activation of 
NFKB in a dose-dependent manner. Furthermore, IRAK, 
1RAK2 and MyD88-induced activation of NFKB was also 
abrogated by overexpression of IRAK-M death domain. 
Taken together, these results suggest that IRAK-M may be 
involved in the IL-1 signalling pathways that lead lo 
activation of NFKB. 



956 / Abstracts 

177 178 

HEPARAN SULFATE-DERIVED DISACCHARIDES 
MODULATE CHEMOKINE-INDUCED T CELL 
ADHESION TO EXTRACELLULAR MATRIX. KL 
SCHOR. R. Hershkoviz, I. R. Cohen, L. Cahalon and O. 
Lider, Weizmann Institute of Science, Rehovot 76100, 
Israel. 

In the course of migration towards an inflammatory site, 
leukocytes express a heparan sulfate-degrading 
endoglycosidase, designated heparanase. Heparanase 
yields specific degradation products from heparan sulfate 
in the form of disaccharides (DS). These DS have been 
shown to modulate TNFoc secretion from immune cells in 
vitro and cell-mediated immune reactions in vivo. We now 
report that such DS can modulate the adhesion and 
migration of human T cells. We demonstrate that certain 
heparin- and heparan sulfate-derived DS induced, in a 
dose-dependent manner, the adhesion of human T cells to 
both ECM and immobilized fibronectin. This adhesion 
involves ßi integrin recognition and activation and is 
associated with specific intracellular activation pathways. 
Although a first exposure of T cells to certain DS 
molecules induced cell adhesion, a subsequent exposure 
of T cells to pro-adhesive chemokines, such as MIP-1B or 
RANTES, but not to other pro-adhesive stimuli (for 
example, IL-2 or CD3 cross linking), inhibited T cell 
adhesion to and chemotactic migration through 
fibronectin. Hence, we propose that the breakdown 
products of tissues generated by inflammatory enzymes 
are part of an intrinsic functional program that provides 
the leukocytes with information about their environment 
to modulate their activities. 

IDENTIFICATION OF NEW GENES MODULATED 
DURING INFLAMMATORY RESPONSE. Arist6bolo M. 
Silva,1,2 and Luiz F.L. Reis'. 'Laboratory of Inflammation, 
Ludwig Institute for Cancer Research, Säo Paulo, SP, Brasil, and 
2Depto. de Microbiologia, ICB/UFMG, Belo Horizonte, MG. 

The pro-inflammatory cytokine tumor necrosis factor 
(TNF) is one of the soluble mediators of inflammation being 
produced by leukocytes at the inflamed area Once secreted, TNF 
binds to specific cellular receptors (TNFR1 and TNFR2), leading 
to the activation of several genes. Many actions of the pro- 
inflammatory cytokines, including IFNs, TNF and IL-1, are 
mediated by the transcription factor NF-KB. It has been proposed 
that anti-inflammatory salicylates (aspirin and sodium salicylate) 
act in part by inhibiting NF-KB activation, resulting in the 
blockage of NF-KB-reguIated genes. By means of differential- 
display RT-PCR analysis, we have identified and characterized 
several genes whose expression is modulated on mouse 
embryonic fibroblasts (MEFs) upon stimulation by TNF and/or 
sodium salicylate, an non-steroidal anti-inflammatory drug. The 
identification of cDNA fragments corresponding to genes related 
to various aspects of cellular activation, as for example p34/cdc2 
kinase, immunophilin FKBP51, biglycan, and a fragment 
homologous to the human eIF-3, could greatly contribute to the 
better understanding of the inflammatory response. We have also 
found that TNF-induced expression of N51/KC chemokine is not 
affected by sodium salicylate co-stimulation. Correlation of the 
expression of these genes and their promoter region has provided 
us with new insights on signaling within the cytokine network 
and on the mechanism of action of anti-inflammatory drugs. 
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INTERLEUKIN-10 (IL-10) MEDIATED INHIBITION 
OF INFLAMMATORY CYTOKINE PRODUCTION BY 
HUMAN ALVEOLAR MACROPHAGES. ML 
Thomassen, B. Raychaudhuri, A. Malur, L. Buhrow, C. 
Farver, M.S. Kavuru and C.J. Fisher. Cleveland Clinic 
Foundation, Cleveland, OH 44195 

Alveolar macrophages are an important source of 
inflammatory cytokines in the lung. Previous in vitro 
studies have shown that IL-10 inhibits inflammatory 
cytokine production by human alveolar macrophages (Clin 
Immunol Immunopath 80:321, 1996). The purpose of the 
present study was to determine the mechanism of IL-10 
inhibition of cytokine production. Alveolar macrophages 
were obtained from healthy controls by fiberoptic 
bronchoscopy. Macrophages were incubated with LPS + 
IL-10. Tumor necrosis factor-a (TNF) and interleukin-1-ß 
(IL-1) mRNA levels were 2-6 fold decreased in the 
presence of IL-10. These results suggested that 
transcription might be affected by IL-10. Electrophoretic 
mobility shift assays were performed using end labelled 
nuclear factor-vcB (NF-KB) or activator protein-1 (AP-1) 
probe. NF-KB binding was decreased in extracts from 
macrophages incubated for 4h with LPS + IL-10 in 
comparison to those incubated with LPS alone. Supershift 
assays showed the presence of both p50 and p65 subunits 
of NF-KB. AP-1 was not affected by IL-10. IL-10 had no 
effect on the LPS-mediated degradation of the inhibitor 
protein IKB, but IL-10 prevented the nuclear translocation 
of the p65 subunit. These observations provide the first 
evidence that IL-10 inhibits cytokine production in human 
alveolar macrophages by preventing the nuclear 
translocation of NF-KB and thus down-regulates NF-KB 
dependent gene transcription. 

CONTINUOUS VENOVENOUS HEMOFILTRATION 
(CVVH) IN HORSES WITH LPS INDUCED SEPTIC 
SHOCK, J Veenman. C Dujardin, A. Hoek, W Klein, 
V Rutten, Utrecht Univ., Fac. Vet. Med., Utrecht, 
The Netherlands 

Clinical efficacy of continuous venovenous hemofiltration 
(CVVH) and clearance of cytokines were investigated in an 
equine septic shock model. Ten male Shetland ponies 
received a slow infusion of LPS (2 ug/kg BW) under general 
anaesthesia. One group received treatment with CVVH (2 
ml/kg BW/min) using a 75 kD polymethylmethacrylate 
(PMMA) filter. Hemodynamic and bloodvariable 
measurements were performed every 30' throughout the 
study. Blood samples were taken to determine bloodgases, 
blood chemicals, haematological parameters and cytokines 
(TNF« and IL-6). The cytokines were measured in serum 
samples before, and after the filter and in the ultrafiltrate. All 
ponies showed a typical reaction in MPAP, blood chemical 
and hematologic markers after LPS challenge. Only a slight 
increase in Cl and no decrease in MAP was seen. CVVH did 
not effect the course of hemodynamic, blood chemical and 
hematological parameters significantly between the groups. 
Clear cytokine responses were found in all ponies, although 
substantially different in magnitude between the individuals. 
Inspite of expectation only small of amounts of TNFa could 
be detected in the ultrafiltrate. No significant differences 
where observed in the cytokine levels before and after 
filtration. Although some decrease in IL-6, most likely due to 
adsorption to the filter, was repeatedly observed. In this 
study CVVH did not proof to have a significant benificial 
effect on the outcome of endotoxemia in horses. 
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A ROLE FOR LEPTIN AND IL-18 IN T-CELL- 
MEDIATED ACUTE LIVER INJURY. R. Faggioni». G. 
Fantuzzi**, C.A. Dinarello**, K.R. Feingold*, and C. Grunfeld*. 
*VAMC, University of California, San Francisco;**Univirsity of 
Colorado Health Sciences Center, Denver. 

Leptin has been shown to have a direct effect on T-lymphocytes, 
enhancing T helper (Th) alloproliferative response, polarizing Th 
cells toward a Thl phenotype. In the present study the role of 
leptin was investigate in a model of acute hepatitis induced by the 
administration of the T-cell mitogen ConA. In wild type (WT) 
mice, ConA administration (200 ug/mouse, iv) induced a marked 
increase in the serum levels of TNF-a, IL-18, IL-12, and IFN- y 
as well as evidence of acute liver damage as manifested by 
increased serum alanine transferase (ALT). In contrast to these 
responses in WT mice, the induction of serum IL-18 and TNF-a 
was markedly reduced in leptin-deficient (ob/ob) mice (91% and 
76% respectively) and ALT levels were also reduced in these mice 
following ConA administration (94%). Although ob/ob mice were 
protected against hepatic injury, these same mice produced levels 
of IL-12 and IFN-y similar to those measured in WT mice. 
Because leptin deficiency protected mice from ConA-induced liver 
damage, we evaluated the role of IL-18 in mediating this T-cell- 
induced hepatic toxicity. Pretreatment of WT mice with a 
neutralizing anti-mouse EL-18 IgG significantly reduced the 
increase in ALT observed following ConA administration (50%). 
However, IL-18 neutralization did not inhibit ConA-induced 
production of IFN-y. These results demonstrate that leptin 
deficiency leads to reduced production of IL-18 and TNF-a as 
well as to reduced T-cell-mediated hepatotoxicity. In addition, IL- 
18 appears to be an essential mediator of liver injury due to 
activated T-cells but the mechanism of IL-18 in mediating the 
acute hepatitis in this model is independent of IFN-y. 
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REDUCED LEPTIN LEVELS IN STARVATION 
INCREASE SUSCEPTIBILITY TO ENDOTOXIC 
SHOCK. R. Faggioni. K.R. Feingold and C. Grunfeld. 
Veterans Medical Center, Univ. California, San Francisco, CA, 
9412 i. 

Malnutrition compromises immune function, reducing 
resistance to infection. During starvation, the rapid fall in leptin 
levels is an important signal in neuroendocrine adaptation and 
has recently been proposed to play a role in the starvation 
associated immune dysfunction. Here we examine whether the 
decrease in leptin levels that occurs during fasting increases the 
susceptibility to LPS and TNF induced lethality. In mice, 
fasting for 48h enhances sensitivity to LPS. Decreasing the 
fasting-induced fall ir leptin by administration of exogenous 
leptin markedly reversed the sensitivity to LPS. While basal 
serum leptin levels were decreased by fasting, LPS treatment 
increased leptin levels to the same extent as in fed animals. 
Fasting increased basal corticosterone levels; leptin treatment 
blunted this increase. LPS induced a marked increase in 
corticosterone levels in fed animals, which was blunted in 
fasted animals. Leptin treatment of fasted mice restored the 
corticosterone response. LPS induced a five fold greater 
increase in serum TNF levels in fasted mice; this increase was 
blunted by leptin replacement. Furthermore, fasting increased 
sensitivity to the lethal effect of TNF itself. This sensitization to 
TNF lethality was reversed by administration of leptin. These 
data suggest that leptin levels might be protective by both 
inhibiting TNF induction by LPS and by reducing TNF toxicity. 
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EFFECT OF ETHANOL ON HEPATIC PRODUCTION OF 

INTERLEUKIN-6 (IL-6) FOLLOWING BURN INJURY IN 
MOUSE. A Colantoni. LA Duffner, N DeMaria, C Fontanilla, KAN 
Messingham, DH Van Thiel, MA Emanuele, EJ Kovacs. Loyola 
University Chicago, Maywood, IL, 60153 

Elevated circulating levels of IL-6 are associated with a poor 
prognosis following thermal injury. The mortality rate is increased 
among burn patients in those with detectable blood alcohol levels 
(BAL). Aim of the study was to determine whether increasing levels 
of alcohol differentially enhance the hepatic production of IL-6 
following thermal injury. To test this, mice were treated with saline 
or ethanol 30 min before scald (15% total body surface scald) or 
sham injury. Two doses of ethanol were administered to reach BALs 
of 100 mg/ml (El00) and 300 mg/ml (E300). The mice were 
sacrificed 24 h after injury and IL-6 levels measured by ELISA in 
serum and liver homogenates. Burn alone resulted in 15% mortality, 
as did sham and burn injury in the E100 group. Similarly, the 
mortality rate was 16% in sham E300 but, in contrast, 77% of the 
mice in the burn E300 group did not survive (p=0.02). In the absence 
of alcohol, IL-6 serum levels increased after burn injury to 45.3±8.8 
pg/ml (p=0.01 vs sham). Accordingly, the hepatic IL-6 production 
was increased in bum as compared to sham mice (p=0.03). The 
serum and hepatic levels of IL-6 in sham mice were increased 2 fold 
in El00 and 5 fold in E300 as compared to saline group (p=0.005). 
IL-6 hepatic production following burn injury was higher in the 
E300 group (37.611.5 ng/mg protein) than in El00 (23.5±3.3 ng/mg) 
and saline (I6.7±2.7 ng/mg, p^O.001). These results suggest that 
hepatic production of IL-6 is stimulated by both alcohol and bum 
injury. Since alcohol increases the early mortality rate following 
burn injury in a dose-dependent manner, this may be due to an 
increased hepatic production of IL-6 as a result of the combined 
effect ol'alcohol and burn. (Supported by N1H AA12034, GM55344, 
and AG16067) 

184 
SOLUBLE GANGLIOSIDES INTERFERE WITH IFNy ACTIVITY 
AND MODULATE THE DIFFERENTIATION OF CD4 T CELLS. 
R. Fernandez-Botran. B. Brewer and J. Vetvickova. Department of 
Pathology, School of Medicine, University of Louisville, Louisville, 
KY 40292. 

Gangliosides are a group of acidic glycolipids ubiquitously present 
in cell membranes, but particularly enriched in the cenlral nervous 
system (CNS). Gangliosides have been associated with immuno- 
suppressive activities, and are thought to contribute to the immuno- 
privileged status of the CNS and to the immune suppression 
associated with certain malignant diseases. In order to characterize 
the mechanisms responsible for their immunosuppressive activities, 
different types of gangliosides were tested for their effects on the 
activity of IFN-y. Mono-, di- and trisialogangliosides (GMl.GDla, 
and GT1 b), but not asialogangliosidc GMI, were found to inhibit the 
binding of iodinated IFNy to membrane IFNy receptors on COLO-205 
cells. Consistently, the IFNy-induced expression of MHC class II 
molecules on the same cells was also inhibited by the sialilated 
gangliosides. Moreover, the binding of IFNy to heparin and to a 
monoclonal antibody specific for the C-terminal portion of IFNy was 
also antagonized by the gangliosides. These inhibitory effects might 
have resulted from the ability of gangliosides to physically interact 
with IFNy, as demonstrated by native gel electrophoresis. Addition 
of gangliosides (GMl.GDla, andGTlb) significantly enhanced the 
production of IL-4 and reduced that of IFNy in primary and secondary 
anti-CD3 stimulated splenic cell cultures, suggesting that they might 
promote the generation of Th2 cells. These results indicate that 
gangliosides might exert their immunosuppressive activity through the 
direct inhibition of IFNy and through modulation of the natural 
balance of Thl/Th2 CD4 T cell subset differentiation. 
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HIGHLY EFFICIENT EXPRESSION OF PORCINE IL-2 
BY HYBRID BACULOVIRUS IN SILKWORM 
S 1NUMARU. T. Kubota, T. Kokuho, S. Watanabe, C. Liu 
and M. Miyazawa, Natl. Inst. Anim. HIth. and Natl. Inst. 
Serieul. Entomol. Sei., Tsukuba, Ibaraki, 305 JAPAN. 

To produce cytokines efficiently, we are applying 
baculovirus - silkworm larvae gene expression system. 
Baculovirus (AcNPV and BmNPV) systems are popular as 
high efficiency and similarity of post translational 
modification as mammal one. Though the baculovirus - 
silkworm larvae system is known as most efficient among 
the baculovirus systems, there are only few reports about 
large scale production by this system. We, therefore, 
compared baculovirus systems with culture cells and 
silkworm larvae. Then studied about factors, possibly affect 
the efficacy when the larvae are used as a host. We used 
AcNPV and hybrid virus(HyNPV), which is able to infect 
both AcNPV host cells and silkworm, to construct porcine 
IL-2 recombinant viruses(AcPIL2 and HyPIL2). The SDS- 
PAGE showed that HyPIL2 and AcPIL2 infected cell 
culture fluid contained about 150ug/ml of 18.6kDa 
recombinant products. In the hemolymph of HyPIL2 
infected larvae, the product was accumulated 1 to 3mg/ml. 
This is about 7 to 20 times concentrated that AcPIL2 
infected cell culture fluid. This data is comparable to the 
best data of E. coli,B. brevis and Yeast expression systems. 
Considering the similarity of post translational 
modification as mammal one, this expression system is one 
of the most suitable systems for cytokine mass production. 

186 
THE PROMOTER POLYMORPHISM -174 OF THE IL-6 GENE 
REGULATES INDUCIBLE IL-6 PLASMA LEVELS 
S. KILPINEN. J. Hulkkonen, X.-Y. Wang and M. Hurme. Univ. 
Tampere Medical School, FIN-33 101 Tampere, Finland. 

In Üic promoter region of the IL-6 gene there is a single base 
exchange (G -> C) polymorplüsm at position -174. Recent findings 
suggest, that this polymorphism could affect the transcription rate of 
the IL-6 gene and IL-6 plasma levels. To analyse its biological 
significance we examined IL-6 plasma levels in relation to the 
expression of the IL-6G and IL-6C alleles. 
Materials and Methods: Cord blood was collected from 50 healthy, 
full-term neonates after normal vaginal delivery. Adult samples were 
obtained Tram 63 Sjögrcn syndrome (SS) patients and from 400 
healthy adult controls. "Hie -174 polymorphism was analysed using 
the RFLP and PCR. Plasma levels were measured by an ELISA- 
method. 
Results: IL-6 plasma levels of neonates were higher than those of 
adult controls (p < 0,0001); respective median values were 13,6 
pg/ml (4,6 - 57,0) and 1,2 pg/ml (0,7 - 2,0). Non-carriers of the 
allele G secreted more IL-6 than carriers of the allelc G (p < 0,05); 
respective median values were 33,2 pg/ml (11,1 - 145,8) and 8,7 
pg/ml (4,1 - 50,4). Also IL-6 plasma levels of SS patients were 
elevated compared with those of adult controls (p < 0,0001); median 
value for SS patients was 3,0 pg/ml (2,1 - 5,9). Levels were 
increased in SS patients with the G/G genotype compared to patients 
with the G/C or the C/C genotypes; respective median values were 
4,1 pg/ml (2,9 - 7,8), 2,8 pg/ml (2,1 - 6,2) and 2,5 pg/ml (1,9 - 5,0). 
No association was found between IL-6 plasma levels and different 
IL-6 genotypes in adult controls (p = 0,55). 
Conclusions: We suggest, that the normal labour-related stress and 
the inflammation associated with the autoimmune disease could 
induce IL-6 secretion and that these inducible levels of IL-6 are 
regulated by the -174 polymorphism. 

187 

N36 A SYNTHETIC N-TERMINAL DOMAIN OF HIV-1 
ENVELOPE GP41, UTILIZES A SEVEN-TRANSMEMBRANE 
G-PROTE1N COUPLED RECEPTOR FPRL1 TO ACTIVATE 
HUMAN PHAGOCYTES. Y. Le. S.B. Jiang, W. Gong, S.B. Su, N. 
M. Dunlop, W. Shen, B. Li and J.M. Wang, Lab. of Molecular 
Immunoregulation, DBS, NCI - FCRDC, Frederick, MD 21702 

HIV-1 envelope protein gp 41 mediates viral fusion with human 
host cells. The peptide segment N36, located in the N-terminus of 
gp41, interacts with the C34 domain in the C-terminus of gp41 to 
establish a fusogenic conformation of the virus. Synthetic peptides 
containing approximately 40 residues from gp41 that overlap, or 
include all of, the residues in N36 have been shown to be effective 
inhibitors of HIV fusion and infection. In this study, we discovered 
that synthetic N36 peptide stimulates chemotaxis and calcium 
mobilization in human monocytes and neutrophils. The activity of 
N36 peptide on phagocytes was pertussis toxin sensitive, suggesting 
this peptide uses Gi-coupled seven-transmembrane receptor(s). 
Since high concentrations of bacterial chemotactic peptide fMLP 
partially desensitized the calcium mobilizing activity of N36 
peptide in phagocytes, we postulated that N36 peptide might 
preferentially use a low affinity fMLP receptor. By using cells 
transfected to express cloned prototype chemotactic N-formyl 
peptide receptor FPR or its variant FPRL1, we established that N36 
peptide uses FPRL1 to induce cell migration and calcium flux. 
Since the activation of FPRL1 in human phagocytic cells by its 
agonists can result in desensitization of cell response to other 
chemoattractants, we propose that the peptide domain of HIV-1 
gp41 subsequent to the initial activation of FPRL1 expressing cells 
may interfere with the cell response to other proinflammatory 
stimuli. Thus immuno-modulatory agents could be designed based 
on the structure-function property of the N36 domain of gp41. 

18S 
THE ROLE OF GONADAL STEROIDS IN CONTROLLING 
iL-6 PRODUCTION AND IMMUNE FUNCTION AFTER 
THERMAL INJURY WITH PRIOR ETHANOL EXPOSURE. 
K.A.N. Messingham. C. Fontanilla, A. Colantoni, M.A. Emanuele, 
L.A. Duffner, and E.J. Kovacs, Loyola Univ. Chicago, Maywood, 1L 
60153. 

Previous studies from our laboratory have shown that gonadal 
steroids are involved in the suppression of immune function 
following thermal injury. We, and others, have reported that ethanol 
exposure prior to thermal injury exacerbates this immune 
dysfunction, both clinically and experimentally. Therefore, we 
examined the role of gonadal steroids in the immune dysfunction of 
male mice following a 15% body surface area scald (or sham) injury 
combined with ethanol (0.15 ml i.p. of a 20% ethanol solution) or 
vehicle given 30 minutes prior to burn treatment. At 48 hours post- 
injury, the delayed type hypersensitivity (DTH) response was 
suppressd in the mice receiving burn + ethanol by 45% when 
compared to sham + vehicle, but not in DTH in animals receiving 
either injury alone. This suppression was coincident with a near 
doubling in macrophage production of interleukin-6 (IL-6) in the 
burn + ethanol mice. Blocking testosterone in the burn + ethanol 
mice with flutamide did not restore the DTH response or reduce IL-6 
production; however, treatment with an anti-estrogen resulted in 
increased production of IL-6 (from 462±100 to 596±210 pg/ml) with 
no effect on DTH. Furthermore, administration of I7ß-estradiol to 
burn + ethanol mice completely restored the DTH response and 
reduced the macrophage production of IL-6 by 31%. These data 
suggest that estrogen, rather than testosterone, may be involved in 
the regulation of immune suppression in male mice subjected to 
thermal injury with prior ethanol exposure. (Supported by NIH 
GM55344, AA12034, and AG16067) 
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MOLECULAR CLONING OF PORCINE INTERLEUKIN-1S, 
!NTERLEUKIN-lß CONVERTING ENZYME AND THEIR 
mRNA EXPRESSIONS IN PORCINE ALVEOLAR 
MACROPHAGES. Y. MUNETA, Y. MORI, Y. SHIMOJI, O. 
MIKAMI and Y. YOKOMIZO. Nail. [nst. Anini. Hllh, Tsukuba, 
Ibaraki, 305-0X56. Japan 

We have isolated cDNAs coiilain tile coding .sequence of porcine 
inlcrlciikin-l<S (IL-l.S) and inlerleiikin-1 |! convening enzyme 
(ICE). Tolal-RNA prepared from porcine alveolar macrophages 
stimulated willi 10 «g/ml lipopolysaccliaride (LI'S) was used lo 
clone Hie cl)NA of porcine IL-l.S and ICE by reverse Iranscriplion 
polymcrase chain reaclion (RT-PCR). The open reading frame 
(ORF) of Ihe porcine IL-l.S cDNA is 57lJ base pairs (bp) in lenglh 
and encodes 192 amino acids, which is 76.7%, 64.7% and 61.6'/! 
homologous lo Ihe predicted human, murine and ral IL-l.S amino 
acid, respeclively. The ORF of ihe porcine ICE cDNA is 1215 bp in 
length and encodes 404 amino acids, which is 72.5%, 62.6% and 
MA'7i homologous lo Ihe predicted human, murine and rat ICE 
amino acid, respectively. The recombinant IL-l.S expressed by 
baciilovirus and K.coYt system induced IFN-Y produclion from 
porcine PBMC. We also established Ihe anti-porcine IL-l.S 
monoclonal antibodies, and applied il successfully to the 
purification, Ihe development of sandwich-ELISA and the 
immunohislochemical staining of porcine IL-l.S. Moreover, the 
kinetics of niRN A expression of IL-LS, ICE and inlerlcukin-lß(l L- 
lß) in porcine alveolar macrophages aller LI'S stimulation revealed 
Ihal ICE transcripts were weakly expressed in non-slimulated 
condition, but upregulaled after LPS stimulation. IL-1.S and IL-1|! 
which need both cleavage by ICE are differently expressed after 
LI'S slimulalion. suggesting ICE regulates maturation of these pro 
inflammatory cylokines llirough the different pathway in pigs. 
These results described here will be useful for further investigation 
of these molecules in porcine inflammatory and immune reactions. 

190 
L-GLU1AMATE AS IMMUNOMODULATOR. NurievaR.1. 
Navolotskaya E.1, Kostanyan I2, Lepikhova T1, Malkova N1, 
Lipkin V., ' Branch of Shemyakin & Ovchinnikov Institute of 
Bioorganic Chemistry Russian Academy of Sciences, Pushchino, 
Moscow Region, Russia. 2 Institute of Bioorganic Chemistry 
Russian Academy of Sciences, Moskow, Russia. 

In addition to the important role that L-glutamate (L-Glu) and 
glutamate receptors (GluRs) play in the brain, recent data suggests 
a physiological role of glutamate in the endocrine and immune 
system. A specific interection of [3H]L-Glu with T limphocytes 
from the blood of healthy donors (Kj = 0.236 uM) was revealed 
and described. It was found that unlabeled guisqualate, a structural 
analogue of L-glutamic acid, and unlabeled dipeptides Ala-Glu, 
Glu-Ala, and Glu-Glu competitively inhibit the specific binding of 
[3H]L-Glu to T limphocytes (with K; 0.19, 2.4, 3.4, and 1.2 uM, 
respectively). Binding experiments with conjugates of labeled and 
unlabeled glutamic acid with dextran showed that the receptors of 
[3H]L-Glu are iocalized on the outer surface of the plasma 
membrane of T limphocytes. The experiments with murine 
peritoneal macrophages were shown that L-Glu (10"9-10"7 M) 
inhibits the activity of these cells in vitro (the spreading, the 
adhesion to a glass surface). L-Glu (10"6 M) also inhibited the 
bacterial activity of macrophages: in its presence macrophages 
could not digest bacteria completely, even the nonvirulent stain, 
Salmonella typhimurium 416/71. Since we did not find glutamate 
receptors on macrophages, the logical proposal was made that L- 
Glu caused the inhibitory effects through its influence on reception 
of the cytokincs, which are essential to macrophages functions 
(TNF-a, IL-lp, IL-2, IL-6, IFN^). 

191 192 
EFFECT OF RECOMBINANT HUMAN IL-10 ON IN VI- 
TRO IL-2 AND IFN-r PRODUCTION OF PERIPHERAL 
BLOOD MONONUCLEAR CELLS. Q. Qian,Institute 
of Dermatol, Shenzhen,GD 518020, P.R. China. 

In order to explore the regulation between 
Th1 and Th2 cytokines, the author studied 
the effect of recombinant human IL-10 on in 
vitro IL-2 and IFN-r production of PHA-acti- 
vated human peripheral blood mononuclear 
cells(PBMC). The results showed 10ng/ml IL- 
10 inhibits IL-2 and IFN-r production by PB- 
MC(P<0.02 and P<0.01, respectively). For 
concentration of 5ug/ml rabbit anti-human IL- 
10 antibody enhances IL-2 production(P<0.05) 
and in a dose-dependent fashion. The anti- 
body also increases IFN-r production, but 
there was no significant difference. The 
data confirm that the production of IL-2 and 
IFN-r by PHA-activated PBMC was inhibited by 
IL-10 and enhanced by anti-human IL-10 anti- 
body. The regulation between Th1 and Th2 
cells mediated by IL-10, choosing the types 
of immune response to different antigens are 
of certain guided significance for the pre- 
vention and treatment of clinical diseases. 

ß-CASOMORPHIN UPREGULATES THE LEVEL OF 
MHC-II EXPRESSION ON BOVINE PERIPHERAL 
BLOOD LYMPHOCYTES BUT SUPPRESSES THEIR 
PROLIFERATION FOLLOWING MITOGEN1C 
STIMULATION 
Joseph Mattapallil, Bernadette Taylor, Jeffery Stott, Myra 
Blanchard, Lisle George and Edward DePeters 
University of California, Davis CA 
The objective of this study was to examine the effect of ß- 
casomorphin; a bioactive peptide derived from milk protein, 
on bovine peripheral blood lymphocyte (PBMC) and 
nei'trophil function. Lymphocyte function was evaluated using 
lymphocyte proliferation and activation assays, whereas 
neutrophil phagocytosis assays were performed using F1TC- 
conjugated Escherichia coli to determine the effect of ß- 
casomorphin on neutrophil function. Our results demonstrated 
that ß-casomorphin suppressed the proliferation of ConA 
stimulated PBMC by 3 to 13% relative to control samples. 
Naloxone, an opiate receptor antagonist when used in 
competitive binding assays with ß-casomorphin was found to 
-everse the antiproliferative effect suggesting the ß- 
casomorphin mediated its effects via the opiate receptor, ß- 
casomorphin was found to increase the frequency of MHC-I1+ 
PBMC and upregulate the level of MHC-II expression, ß- 
casomorphin was found to induce a dose dependent increase in 
the phagocytic activity of neutrophils. Our findings suggest 
that ß-casomorphin may have an immunoniodulalory effect on 
bovine lymphocytes and neutrophils. 
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PRIMARY SIV INFECTION LEADS TO AN INCREASED 
PREVALENCE   OF   IFNy+CD8uß+   T   CELLS   IN   THE 
INTESTINAL EPITHELIUM OF RHESUS MACAQUES 
Joseph J Mattapallil, Elizabeth Reay and Satya Dandekar 
University of California Davis, Davis, California 

The objective of this study was to evaluate the alterations in the 
phenotype of CD8+ intraepithelial lymphocytes and their 
potential to produce IFNy during primary SIV infection. The 
expression of'CD8u and CD8ß on intestinal IEL were determined 
using flow cytometry. To determine whether local proliferation 
was contributing to the increased prevalence of subsets of CD8+ 
T cells in the intestinal epithelium we determined the expression 
of Ki-67, a nuclear antigen expressed by proliferating T cells 
following SIV infection and compared them to uninfected control 
animals. The phenotype of IFNy producing CD8+ T cell subsets 
was determined at a single cell level following short-term 
mitogenic stimulation followed by intracellular staining. 
Following SIV infection the frequency of CD8«ß+ intestinal IEL 
dramatically increased at 2 weeks p.i. In contrast the proportions 
of CD8ua+ T cells declined. A higher frequency of CD8oß+ T 
cells were found to express the ki-67 antigen as early as 2 weeks 
p.i. suggesting that local proliferation of CD8raß+ T cells may 
partially contribute to the increased prevalence of CD8uß+ T 
cells in the intestinal epithelium. The CD8aß+ T cells were the 
primary producers of IFNy prior to and following SIV infection. 
The potential of CD8aß+ IEL to produce IFNy was found to be 
upregulated at 2 weeks p.i. and remained high at 8 weeks p.i. 
These findings suggest that primary SIV infection lead to an 
increased prevalence of CD8aß+ T cells in the intestinal 
epithelium with a higher frequency of these CD8+ T cells capable 
of producing IFNy. The IFNy produced by these subsets of IEL 
may play a role in the immunopathogenesis of SIV/HIV infection. 

REDUCED IFN-G AND IL-2 EXPRESSION WITHIN 
LYMPHOID TISSUE AFTER ONE HIGHLY ACTIVE 
ANTIRETROVIRAL THERAPY. Horaira Behbahani1, Alan 
Landay:, Bruce K.Patterson', Paul Jones', John C. Pottage Jr.!. 
Michelle Agnoli5, Jan Andersson ', Anna-Lena Spetz1- 'Division 
of Infectious Disease, Karolinska Institutet, Stockholm, Sweden, 
department of Immunology and Microbiology, Rush Medical 
School, Chicago, Illinois, 'Department of Obstetrics and 
Gynecology and Medicine Northwestern University Medical 
School, Chicago, 'Division of Otolaiyngology, Rush Medical 
School, Chicago 'Division of Infectious Diseases Rush Medical 
School. Chicago. 

Objective: To evaluate the state of immune activation and 
rcconstitution of T cell populations in lymphoid tissue after 1 year 
of highly active antiretroviral therapy (HAART) of HIV-1 
infection. 
Design and Methods: Cellular responses were measured in 
sequential tonsil biopsies obtained from HJV-1 infected volunteers 
prior to and after 4, 12 and 56 weeks of HAART. Computerized 
Image Analyses were used to study the expression of cytokines and 
surface antigens at the single cell level in immunohistochemically 
stained sections. The incidence of pro-viral HTV-1 DNA 
containing cells was determined by fluorescent in situ 5'nuclease 
assay in conjunction with plas.na HTV-1 RNA levels and CD4: 
CD8 T cell counts in blood. 
Results: Despite durable suppression of HTV-1 with viral lead 
lcvels<400 HIV-RNA copies/ml for up to one year, a notable 
fraction of tonsil cells still harboured pro-viral DNA. A highly 
significant 4-8-fold increase of CD8+ T cells was demonstrated in 
the tonsillar tissue prior to HAART (22-33%). After 1 year of 
HAART, the frequency of CD8+ cells in tonsils was normalised 
and comparable with seronegative hypertrophied tonsils used as 
controls (3-5% of total cells). The frequency of recently 
immigrated dendritic CDla+ cells was also hishly reduced after 
HAART. The incidence of IL-2 and IFN-g expressing cells in 
HIV-1 infected tonsils before treatment was increased 10-15-fold 
compared with controls. The frequency of both IL-2 and IFN-g 
synthesising cells gradually returned to normal levels after 1 year 
of HAART, while IL-la and IL-lb expression showed a slower 
decline correlating with persistence of pro-viral DNA content. 
Conclusion: HAART induced immune changes are associated 
with a normalisation of immune activation in tonsils, despite the 
existence of a pro-viral reservoir in th: tissue. 
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HIV Nef IL10 AND LPS ENHANCE CD14 EXPRESSION ON 
HUMAN MONOCYTES BY ACTIVATING DISTINCT MAP 
KINASE PATHWAYS. WD Creerv, JB Angel, S Aucoin, K Gee, 
W Weiss, DW Cameron, F Diaz-Mitoma, M Kozlowski and A 
Kumar. Departments of Microbiology and Immunology, and 
Division of Virology, Research Institute, Children's Hospital of 
Eastern Ontario, University of Ottawa, Ottawa, Ontario, Canada. 

hi this study, we investigated the membrane bound expression of 
CD14 (inCDH) on monocyles and soluble CD14 (sCD14) released 
inlo the culture supernatants of PBMC from HIV+ and HIV- 
individuals by flow cytometric analysis and ELISA respectively. 
Monocytcs from HIV+ individuals demonstrated higher levels of 
mCD14 expression and sCD14 release compared to those of HIV- 
individuals. Studies to determine the role of the LPS, purified HIV 
Tat and Nef proteins, and the immunoregulatory cytokine IL10 
revealed that stimulation of PBMC with either Nef, LPS or IL10 

.enhanced the expression of mCD14 on monocytes. In contrast, LPS 
and 1L10, but not Nef, increased the levels of sCD14 in culture 
supcrnaumts of both HIV+ and HIV- individuals. Increased 
expression of mCD14 and sCD14 in response to LPS was mediated 
by cndogcnously produced IL10, as addition of anti-IL10 antibodies 
blocked Uiis effect. However, Nef-induced CD 14 expression was not 
mediated by IL10 as addition of Nef did not' result in IL10 
production. To understand the regulation of mCD14 expression, the 
role of MAP kinases in LPS-, Nef-, and ILlO-induced inCD14 
expression by monocytes was determined using specific p38, p42/44 
and JNK kinase inlu'bitory agents. The results show that p38 and 
INK kinases were implicated in LPS- and Nef-induced expression of 
CD 14 whereas p42/p44 MAP kinases were involved in ILlO- 
induced expression of CD14 on monocytes. These results suggest 
thai Nef, IL10 and LPS modulate the expression of mCD14 via 
mechanisms involving distinct MAP-kinases. 

196 
REGULATORY DYSFUNCTION OF THE CYTOKINE 
NETWORK DURING HIV-INFECTION: ANALYSIS OF THE 
IL-2/IL-2RECEPTOR AND OF ITS THERAPEUTICAL 
APPLICATIONS. D. David, J. THEZE, IGC, Institut Pasteur, 
25 rue du Dr Roux, 75724 Paris Cedex 15, France. 

The dysregulation of T cell cytokines production appears very 
early during HIV-inl'ection. The main and constantly reported 
sign of this regulatory dysfunction is the decreased production of 
IL-2 by CD4 T lymphocytes followed by their anergy and their 
increased susceptibility to apoptosis. In vitro, IL-2 protects CD4 
T lymphocytes from HIV-infected patients against apoptosis by 
modulating Bcl-2. During HIV-infection, CD8 T lymphocytes 
are hyper-activated but their cytolytic activity is impaired. We 
have described that IL-2R loose their functionality after HIV- 
infection. CD8 T lymphocytes over-express IL-2R but remain 
insensitive to IL-2 growth signals. The Jak/STAT pathway may 
be involved in this defect. CD4 T lymphocytes of HIV-infected 
patients do not respond to IL-2 and we have shown that gp!20 
alone down-regulates IL-2R expression and reduces its 
functionality. Aggregation of CD4 molecules may change the 
intracellular distribution and localisation of some signal 
transduction molecules (p56llk) and may explain the data. Under 
triple combination therapy (TCT), reduction of viral load is 
followed by a normalization of the function and of the expression 
of IL-2R. Our work provides the cellular and molecular basis to 
associate IL-2 and TCT in the treatment of HIV-infected 
patients.IL-2 has been shown to increase preferentially naive 
CD45RA CD4 T lymphocytes and this may be beneficial for the 
restoration of the immune response against opportunistic 
infections and may help to maintain HIV in a latent stage. 
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CD4-L0W RESPONDER HIV* PATIENTS RECEIVING 
TRIPLE COMBINATION THERAPY. IMMUNOLOGICAL 
ANALYSIS BEFORE AND DURING IL-2 IMMUNO- 
THERAPY. D. David, J. THEZE. IGC, Institut Pasteur, 25 rue 
du Dr Roux, 75724 Paris Cedex 15, France. 

In the treatment of HIV-infected patients associating two 
reverse-transcriptase inhibitors and one protease inhibitor (Triple 
Combination Therapy, TCT), some failures have emerged. In 
some patients, the CD4 counts remain low (< 200 cells/mm') 
despite an efficient blockade of viral replication (plasma viral 
load < 50 copies/ml). Here, we report an analysis of the CD4 T 
lymphocytes (L) from a group of such patients and show that 
their poor immunological response can be reversed by addition of 
IL-2 to TCT. The data concerning both the hematopoietic cell 
lineage and the CD45RA/CD45RO ratio of the CD4 T L appear 
to exclude a profound defect of the primary lymphoid organs in 
these patients. On the contrary, peripheral CD4 T L display a 
lack of IL-2 reactivity and a poor expression of the anti-apoptotic 
molecule Bcl-2, both suggesting a defective mainlenarce of these 
cells at the periphery. The patients thereafter received 5-day 
cycles of subcutaneous IL-2 every six weeks. After three cycles, 
in addition to a significant increase in the CD4 counts (+ 70% at 
the median), IL-2 treatment leads to an increase in both IL-2 
reactivity and Bcl-2 expression among the CD4 T L. We noticed 
that level of Bcl-2 expression at the baseline was predictive of 
the CD4 response after IL-2 therapy. After five IL-2 cycles, most 
of the patients reached CD4 count levels that are considered to be 
protective against opportunistic infections. 

ROLE OF SUPPRESOR OF CYTOKINE SIGNALING 
(SOCS) IN THE REGULATION OF ß-CHEMOKINE 
EXPRESSION BY CYTOKINES IN ALVEOLAR 
MACROPHAGES (AM) FROM HIV-SEROPOSITIVE 
SUBJECTS. 
J.M. Mathys1, D. Schiffer-Alberts1, H. Koziel2 & P.R. 
Skolnik1,   Tufts-New England Medical Center aTupBeth 
Israel Deaconess Medical Center, Boston, MA 02111, USA 
Objective:To determine the relationship of SOCS to 
MIP-1a expression in the presence of various cytokines in 
AM from HIV-seropositive subjects. 
Methods: AM were isolated from 3 HIV-infected subjects 
by bronchoalveolar lavage. After incubation for 16h, the 
cultures were treated with lipopolysaccharide (LPS) and/or 
cytokines. Supernatants were collected after 24h and 
analyzed for the presence of MIP-1ct protein by ELISA. 
mRNA was extracted and analyzed for ß-chemokine and 
SOCS-1 expression by RT-PCR. 
Resuits: LPS (100ng/rnl) alone or in combination with 
TNFcc or IFNy, stimulated the highest levels of 
MIP-1ct production by AM. TNFa, IL-11, IFNy, IL-12, IL^t, 
IL-1ß and IL-10 (all at 10 ng/ml, except IL-4 at 1 ng/ml) 
stimulated similar amounts of MIP-1a production. The 
expression of MIP-1a mRNA paralleled protein production 
under these conditions. The expression of SOCS-1 mRNA, 
known in systems involving IL-4 to be inversely related to 
cytokine effect, had no consistent relationship to the effects 
of LPS or the cytokines tested on MIP-1a production. 
Conclusions: These results suggest that ß-chemokine 
expression may be unrelated to the expression of SOCS-1 
in AM from HIV-infected subjects. 
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IL-lß IS AN EFFECTIVE ADJUVANT FOR NASAL 
VACCINES. H. F. Staats. N. Sparks, L. Casey, G. Nabors 
and R. S. Dondero, Duke University Medical Center, 
Durham, NC 27710, Pasteur Merrieux Connaught, 
Swiftwater, PA 18370 and CISTRON Biotechnology, Pine 
Brook, NJ 07058 

Interleukin-Iß was evaluated for its ability to act as an 
adjuvant for mucosal vaccines. BALB/c mice were 
intranasally immunized with 50 pig tetanus toxoid (TT) alone 
or in the presence of 0.2, 1, or 5 u.g IL-lß on days 0, 21, and 
42. IL-lß was administered with all three immunizations or 
with the first immunization only. IL-lß exhibited mucosal 
adjuvant activity as indicated by its ability to enhance the 
induction of anti-TT serum IgG, vaginal IgA and delayed- 
type hypersensitivity responses. Nasal immunization with TT 
only resulted in a serum anti-TT IgG end-point titer of 1:588. 
However, nasal immunization with IL-lß and TT induced 
serum anti-TT IgG end-point titers that ranged from 1:65,536 
to 1:356,722, depending upon the dose of IL-lß and whether 
IL-lß was administered with the first or all three 
immunizations. Vaginal anti-TT IgA responses were induced 
in all groups receiving IL-lß. All mice that were intranasally 
immunized with TT and IL-lß survived when challenged 
with 10 LD50 of tetanus toxin while 100% (10 of 10) naive 
mice and 90% (9 of 10) of animals nasally immunized with 
TT only became moribund. Additional studies have also 
been performed in rabbits. Therefore, IL-lß is an effective 
adjuvant for mucosal vaccines administered by the nasal 
route. 

200 
Inhibition of apoptosis by the cytokine macrophage 
migration inhibitory factor (MIF) J. Bernhagen, E. 
Wagner, N. T. Mai, G. Tolle, H. Brunner; Laboratory of 
Biochemistry, Chair for Interracial Engineering, 
University of Stuttgart, D-70569 Stuttgart, Germany 

The classical T cell cytokine MIF has been redefined as 
pituitary hormone, macrophage and T cell cytokine, and 
enzyme with both thiol-protein oxidoreductase and 
tautomerase activities. However, no receptor has been 
cloned and the molecular mechanism of MIF action has 
remained elusive. MIF has been suggested to enhance 
the proliferation of T cells and tumor cell growth and has 
been proposed to play a role in the regulation of the cell 
cycle. Yet, the molecular pathways and targets of MIF 
action are poorly known. In an effort to further define the 
activities of MIF, we observed that MIF inhibited stress- 
induced apoptosis of various cell lines. These findings 
prompted us to investigate an anti-apoptotic function of 
MIF in a more detailed manner. Recombinant huMIF at a 
concentration of 0.5 to 2 uM was found to inhibit 
camptothecin-induced apoptosis of HL-60 cells and UV- 
induced apoptosis of Jurkatt T cells by > 40%. Using the 
tet-off system and the stably transfected HeLa cell line 
HtTA-MIF as well as the transiently transfected Kym-1 
cell line, these data were confirmed. Recombinant 
mutant C60SMIF, which is devoid of any oxidoreductase 
activity, failed to inhibit apoptosis, suggesting that redox- 
based effects by MIF may be involved. The observed 
anti-apoptotic effect of endogously produced MIF, i.e. by 
transfection, suggests that inhibition of apoptosis by MIF 
may not be receptor-mediated. These studies should aid 
in identifying the molecular targets of MIF action. 
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BCL-2 TRANSGENIC MICE ARE LESS SENSITIVE TO 
CCL4 INDUCED LIVER DAMAGE THAN WILDTYPE 
MICE 
G. BLINN', A. Kahn2, S. Rose-John 
'I  Med. Klinik, University of Mainz, 2 Institut Cochin de 
Genetique moleculaire, Unite 129 de I'INSERM, CHU 
Cochin, Paris. 

Carbon Tetrachloride (CC!„) is a widely used agent for the 
study of toxic liver damage. It is known that CC14 causes 
hepatic centrilobular necrosis followed by hepatic fibrosis. 
More recent results demonstrated that rat hepatocytes also 
undergo apoptosis after injection of CCI„. Bcl-2 transgemc 
C57/B16-mice that show a high expression of human bcl-2 
in the liver are resistant to FAS induced apoptosis. 
We therefore used these mice to study the influence of Bcl- 
2 overexpression on toxic liver injury after CCL, 
administration. CC14 (2 Hg/g body weight) was injected 
intraperitoneally into male bcl-2 mice (n=5 per point). 
Levels of aminotransaminases were measured 8 and 24 
hours after injection. ALT levels were 913 ± 196 U/l after 
8 and 15740 ± 2719 U/l after 24 hours in the wildtype mice 
compared to 693 ± 119 U/l and 5068 + 932 U/l for bcl-.2 
mice. Equivalent values for AST were 855 ± 168 U/l and 
8539 ± 1095 U/l in controls and 584 + 126 U/l and 5436 + 
134 U/l in bcl-2 mice. This suggests that toxic liver damage 
after CCI4 injection is inhibited by bcl-2 and that it may be 
caused by activation of apoptotic pathways. 
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AN      IL-10      ANALOGE      IT9302       IS       REGULATING 
PROLIFERATION AND APOPTOSIS IN HEPATO-CELLULAR 
CARCINOMA    CELLS    THROUGH    A    P53    DEPENDENT 
PATHWAY. . 

B. Gesser, C. Vestergaard, N. Kirstein, K.Kragballe, C. Gronnaj 
Larsen. Dept. of Derm. Marselisborg Hosp., Univ. of Aarhus, DK- 
8000, Aarhus, Denmark. E mail: cglarsen@dadtaet.dk 

IT9302, a nanopeptide homologues to the C terminal part of IL- 
10 posses a significant part of the effects of human IL-10 (B. Gesser 
et al Proc. Natl. Acad. Sei. 1997 94: 14620-25). IT9302 posses 
apoptotic effects on cutured normal cells and we wished to test if 
there is a possible relation between IL-10 and the tumor suppressor 
protein p53 in regulating cell proliferation. In a preliminery study 
on IT9302's effect on different hepato-carcinoma cell lines, 
(HEPG2 (p53 wilde type), HEP3B (p53 deleted) and PLC/PRF5 
(p53 mutated)) we observed an exclusive dose-dependent anti- 
proliferative effect of IT9302 on HEPG2 cells cultured for 5 days. 
In a subsequent study, where IT9302 was added to the cells daily 
for seven days (0, 0.05, 0.5 and 5 ug/ml), we observed a significant 
inhibition of cell-proliferation (pO.01) at 5 ug/ml of IT9302. The 
intracellular concentration of p53 was also determined and at day 2 
we observed a significant induction of p53. By analyzing the DNA 
content it was found that the percentage of cells expressing DNA in 
Gl, S and G2 phases at day 7 was unaltered when adding 0.05 ug 
of IT9302 while adding higher doses of IT9302, cells were 
expressing higher percentage of S phase DNA without entering the 
G2 phase. By adding Annexin V at day 7, in situ, it was shown that 
IT9302 induced significant apoptosis compared to the negative 
control. In conclusion: A nonapeptide identical to the C-terminal 
part of IL-10 regulates cell proliferation in the HEPG2 carcinoma 
cell   line,   a   function   which   may   be   dependent   on   p53. 

203 

THE ROLE OF SPHINGOLIPIDS IN THE ANTI-APOPTOTIC 
EFFECTS OF EGF IN PRIMARY PLACENTAL 
TROPHOBLAST CELLS. 
Shawn. G. Payne and Larry J. Guilbert. Department of 
Medical Microbiology and Immunology, University of Alberta, 
Edmonton, AB, Canada T6G 2S2 

Sphingolipids have been shown to play a role in both 
cytokine-induced cell death and survival. Activation of 
sphingomyelinase, and the resulting increase in cellular 
ceramide, has been implicated in TNFa-induction of apoptosis 
while the activation of sphingosine kinase, and the increase in 
sphingosine-1-phosphate (S1P), has been shown to be anti- 
apoptotic. The combination of TNFot and IFNy induces 
apoptosis in primary placental trophoblasts in vitro and is 
completely inhibited by cotreatment with epidermal growth 
factor (EGF). We therefore examined the role of sphingolipids 
in trophoblast apoptosis and how EGF may influence this. We 
find that both exogenous ceramide and acid SMase induce 
apoptosis in trophoblasts. As with TNFo/IFN7-induced 
apoptosis, cotreatment with EGF completely abrogated 
ceramide and SMase-induced apoptosis. In addition, EGF 
lowered endogenous basal ceramide levels and reduced the 
level of acid SMase-induced ceramide. An acidic ceramidase 
inhibitor increased cellular ceramide levels and induced 
apoptosis that could not be blocked by cotreatment with EGF. 
Cotreatment with S1P also inhibits TNFo/IFNv-induced 
apoptosis. Moreover, EGF activated sphingosine kinase and 
increased S1P levels. Inhibitors of sphingosine kinase induced 
apoptosis that could not be blocked by EGF. Together, these 
data suggest that the EGF abrogation of cytokine and 
ceramide-induced apoptosis in primary trophoblast cells is 
mediated, at least in part, by an EGF-induced reduction in 
cellular ceramide levels and an increase in S1P levels. 
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DEVELOPMENT OF ANTI FAS, FASL OR 
TRAIL MABS AND ELISA KITS : NEW TOOLS 
FOR APOPTOSIS INVESTIGATION. 
C.   VERMOT-DESROCHES,   E.   SCHOENENBERGER,   S. 

RIFFARD, P. MERCIERANDJ. WIJDENES. 
DlACLONE, 1, Boulevard Fleming, BP 1985, F-25020 
Besancon, France, vermot@diaclone.com 

Programmed cell death is the most 
common form of eukaryotic cell death. Proteins 
belonging to the TNF/TNFR superfamilies are 
potent mediators of apoptosis. We generated a 
panel of IgG isotype mAbs against the Fas 
(CD95), FasL or TRAIL antigens. By competitive 
flow cytometry assays, the epitope maps were 
determined. After stimulation of human 
peripheral mononuclear cells, the expression of 
Fas, FasL and TRAIL were compared. These 
mAbs were also tested on a panel of human cell 
lines. The ability of these mAbs to trigger 
apoptosis and/or to modulate this process were 
analysed. Both the Fas, FasL and TRAIL 
molecules occur in soluble form. ELISA kits 
detecting the recombinant and natural soluble 
Fas and FasL have been generated. The soluble 
Fas / FasL can be measured in human serum, 
plasma and cell culture supernatants. 
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IDENTIFICATION AND GENE 
ORGANIZATION OF THREE NOVEL 
MEMBERS OF THE IL-1 FAMILY ON 
HUMAN CHROMOSOME 2. 
S. Busficld, C. Comrack, G. Yu, T. Chickering, H. 
Zhou, D. Gearing and Y. Pan. Millennium 
Biotherapcutics, Cambridge, MA 02139. 

Members of the IL-1 family of cytokines are 
important in mediating inflammatory responses. The 

genes encoding IL-la, IL-ß and the IL-IRa are 
clustered within 450kb on human chromosome 2q. 
By searching the EST databases and by sequencing 
through this region of chr. 2 we have identified three 
novel genes that show striking homology to the IL-1 
family, that we have named IL-15, IL-le, IL-l<t>. All 
three genes contain a signature motif common to the 
IL-1 family, and appear to be more closely related to 
IL-IRa. Similar to the intracellular form of IL-IRa, 
these genes also lack hydrophobic signal sequences. 
The expression of these genes appears to be highly 
restricted to various epithelial cell populations.   Our 
results demonstrate the existence of additional genes 
within the previously defined IL-1 cluster and point to 
this region of chr. 2 as a evoloutionary hotspot for IL- 
1 gene duplication. These genes may prove to have an 
important role in inflammation. 

GENOMIC ORGANIZATION OF THE HUMAN INTER- 
LEUKIN-12 RECEPTOR ß2 GENE. J.G.I, van Rietschoten. 
H.H. Smits, R. Westland, C.L. Verweij, M.T. den Hartog, and 
E.A. Wierenga. 
AMC, Univ. of Amsterdam, Dept. of Cell Biol. and Histology, 
Amsterdam; Tanox Pharma BV, Amsterdam and LUMC, 
Dept. of Rheumatol., Leiden, The Netherlands. 

lnterleukin-12 (IL-12) is a potent skewer of T helper (Th) 
lymphocyte responses towards the Th1 phenotype by 
strcngly enhancing IFNy production. Therefore, IL-12 and 
responsiveness to this cytokine are of major importance for 
the outcome of specific immune responses. The IL-12 
receptor (IL-12R) is composed of two subunits, referred to 
as ß1 and ß2. Both chains are necessary for high affinity IL- 
12 binding and signaling, although only the IL-12Rß2 chain 
contains the intracellular tyrosine residues responsible for 
STAT4 activation. We have dissected the intron-exon 
organization of the human IL-12Rß2 gene. PCR primers 
designed across the cDNA (U46198) were used to trace 
introns, by comparing PCR product sizes obtained using 
cDNA and genomic DNA as templates. PCR products 
spanning introns were sequenced to determine the exact 
splice sites and flanking regions. The coding region of the 
gene was found to consist of 15 exons and 14 introns. All 
intron-exon boundaries are consistent with the consensus 
sequence for splice junctions (5' GT/AG 3'). Comparison of 
the intron-exon organization with the human G-CSFR gene, 
indicated a remarkably well conserved genomic organization 
between these two class I cytokine receptors. Interestingly, 
we identified an alternatively spliced mRNA, encoding a 
putative, truncated protein, lacking all signaling potential. 
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CYTOKINE SECRETION AND PLASMA LEPTIN IN 
HEALTHY WOMEN. Joseph G. Cannon, Esther 
Brooks-Asplund, Jane M. Daun, W. Larry Kenney. 
Perm State Univ., Univ. Park, PA 168Ü2 

Injecting exogenous IL-1 or TNF into rodents 
increases plasma leptin, as does injection of LPS 
into wild-type, but not IL-lß-deficient mice.  Using 
samples obtained in a study of hormone replace- 
ment therapy and cytokine production after meno- 
pause, the present study tested whether plasma 
leptin was related to ex vivo cytokine secretion 
from mononuclear cells isolated from healthy 
women ranging in age from 25 to 71 years (n=36). 
The primary source of leptin is adipose tissue, thus 
body mass index (BMI) was a strong predictor of 
plasma leptin (R2=0.598, P=0.0001).  A calculated 
measure of IL-1 agonist and antagonist secretion 
(/[IL-1] = log IL-lß - log IL-IRa - log IL-lsRII) also 
demonstrated a modest correlation (R2=0.172, 
P=0.020), but not TNF or IL-6. However, adding IL- 
6 to a multivariate model including BMI and /[IL- 
1] yielded an overall R2=0.673, p=0.0001). Plasma 
leptin was not significantly influenced by age or 
hormone replacement therapy.   These data 
support the concept that inflammatory cytokine 
secretion may be a minor influence (7-17%) on 
circulating leptin concentrations in healthy 
women.  Supported by NIH AG07004 and RR10732. 

208 
INTERLEUKIN      (IL)-6      IS      AN      IMPORTANT 
CIRCULATING MEDIATOR OF FEVER IN THE RAT. 
T Cartmell. S Poole1, NJ Rothwell & GN Luheshi. University 
of Manchester, Manchester, M13 9PT, & 'National Institute 
for Biological Standards & Control, Herts, EN6 3QG, UK. 

IL-6 has been proposed as an important circulatory mediator 
of the febrile response to infection and inflammation. Like IL-1, 
IL-6 produces fever when injected into the brain, however, 
unlike IL-1, IL-6 is not pyrogenic when given peripherally in 
rats. We have investigated the role of IL-6, both at the local site 
of inflammation and in the circulation, using the subcutaneous 
air pouch (ipo) system in the rat. Male, Sprague-Dawley rats 
(250-300g) were used for all experiments. Core temperature 
(Tb) was measured by remote telemetry. Injection of IL-6 
(25ug/kg, ipo) alone, had no effect on Tb. Co-administration 
(ipo) of IL-6 (25ug/kg) with a non-pyrogenic dose of IL-lß 
(0.03ug/kg) induced a 0.9°C increase in Tb, and co- 
administration of IL-6 (25ug/kg) with a pyrogenic dose of IL- 
lß (0.3ng/kg), exacerbated the febrile response. In different 
experiments, administration (ipo) of LPS induced a 1.6°C rise 
in Tb (peak 3h) and significant increases in local (pouch; 
20880 ± 4157 pg/ml) and circulating (411 ± 87 pg/ml) IL-6. 
The LPS-induced fever was abolished in the presence of IL-6 
antiserum (1.8ml, intraperitoneal) injected 4h prior to LPS 
(ipo). These data support our earlier observations that IL-6 is 
an important mediator of fever which probably acts 
synergistically with other cytokines in the periphery, to activate 
brain mechanisms in disease. 
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INVOLVEMENT OF STAT1 IN THE 

SYNERGISTIC EFFECT OF IFN-y AND TNF. 

M.Du and M.W.Taylor, Indiana University, 

Bloomington IN. 47405. 
ME180 cells are extremely sensitive to the synergistic 
effects of IFN-y and TNF-ß. At low levels of both 
cytokines, which individually have no obvious effect on 
the cells, cell death occurs within 24 hours. We have 
isolated mutant cell lines resistant to the anti-proliferative 

and anti-viral effect of IFN-y. These cells are lacking the 

enzyme indoleamine 2,3 dioxygenase.(IDO) a key 

enzyme in tryptophan catabolism. One of the cell lines, 

3B6A is defective in STAT1 synthesis as shown by 

Western blot and EMSA assays. This cell line is 

resistant to the synergistic effect of IFN-y and TNF-ß. A 

second mutant cell line, 3B6B possibly defective in PKR 

and IRF-1 expression but retaining normal base line 

levels of STAT1 is sensitive to the synergistic effect of 
these cytokines. However this synergy (cell death) does 
not appear to work through the expression of IDO which 

is not made in 3B6B cells. We would conclude that 
STAT1 is an essential component of this synergistic 

effect and resulting cell death. 
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INFLUENCE OF THE NATURAL COMPLEX CYTO- 
KINS OBTAINED FROM AUTOLOGICAL MONONU- 
CLEAR CELLS STIMULATED BY PHA ON THE RE- 
GENERATION OF CORNEA. 
L.V. Gankovskava. L.V. Kovalchuk, T.V. Radygina, I.P. 
Khoroshilova-Maslova, L.V. Ilatovskaya, Yu. A. Kossikova 
Department of Immunology, Russian State Medical Univer- 
sity and Helmholtz Moscow Institute of Ocular Diseases. 

We have evaluated the effect of the local application of 
the natural complex cytokine (NCC) on the regeneration of 
rabbit and human cornea. The NCC was obtained from the 
autological mononuclear cells stimulated by PHA. We have 
characterized the proteins of NCC. The biological test and 
ELISA revealed the presence of MIF, IL-6, TNF-a, TGF-ßl 
and IL-lß in the NCC. In experimental models of penetrat- 
ing wounds of rabbit's cornea ore alkali burn of cornea the 
application of NCC reduced the inflammatory reaction and 
stimulated existentially the regeneration. It was shown that 
at the early stages of cornea regeneration NCC activated 
some functions of macrophages and neutrophils as migration 
towards the burn site, phagocitosis, production of reactive 
oxygen species and secretion of cytokines (IL-1 and TNF). 
Thus NCC assured resorbtion of debris and abrogation of 
inflammation. At the later stages of cornea regeneration 
NCC stimulated keratoblasts migration and proliferation. 
These results were the base for clinical approbation of 
autological NCC treating of some patients with ocular 
wounds. It was shown that the local application of NCC pre- 
vented the rough scar formation and deformation of cornea. 

211 
INHIBITION OF INTERLEUKIN-12 PRODUCTION IN 
HUMAN MONOCYTE-DERIVED MACROPHAGES BY 
TUMOR NECROSIS FACTOR: IMPLICATIONS IN 
CYTOKINE CROSS-REGULATION DURING 
INFLAMMATION AND IMMUNE REACTIONS 
Xiaoiine Ma, Giorgio Trinchieri, and Luis J. Montaner.    Wistar 
Institute, 3601 Spruce Street, Philadelphia, PA 19104, USA. 

lnterleukin-12 is a pivotal cytokine that links the innate and 
adaptive immune responses. Tumor necrosis factor-a (TNF-a) 
also plays a key role in orchestrating inflammation and immunity. 
The reciprocal influence of these two inflammatory mediators on 
each other may have significant impact on the cytokine balance 
that shapes the type and extent of immune responses. To 
investigate the relationship between TNF-a and IL-12 production, 
we analyzed the effects of exposure of human monocyte-derived 
macrophages to TNF-a on lipopolysaccharide (LPS)- or 
Staphylococcus aureits-'mduced IL-12 production in the presence 
or absence of IFN-y. TNF-a is a potent inhibitor of IL-12 p40 and 
p70 secretion from human macrophages induced by LPS or S. 
aureas. IL-10 is not responsible for the TNF-a-mediated 
inhibition of IL-12. TNF-a selectively inhibits IL-12 p40 steady- 
state mRNA, but not those of IL-12 p35, IL-1 a, IL-lß, or IL-6. 
Nuclear run-on analysis identified this specific inhibitory effect at 
the transcriptional level for IL-12 p40 without downregulation of 
the IL-12 p35 gene. The major transcriptional factors identified to 
be involved in the regulation of IL-12 p40 gene expression by LPS 
and IFN-y. i.e. c-Rel, NFKB p50 and p65, IRF-I, and ets-2 were 
not affected by TNF-a when examined by nuclear translocation 
and DNA-binding. A novel nuclear activity named EBPX, was 
identified that binds to the ets site in the IL-12 p40 promoter and 
may play a functionally critical role in suppressing transcription in 
response to the combinatorial signaling of TNF and LPS. 
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IFN-a AND IL-12 INDUCE   IL-18 RECEPTOR GENE 
EXPRESSION IN HUMAN NK AND T CELLS. 

S. Matikainen. I. Julkunen and T. Sareneva, 
National Public Health Institute, Helsinki, Finland. 

IL-18 is a proinflammatory cytokine that enhances innate and 
Thl-type immune responses. IL-18 exerts its effects in 
synergy with EFN-a and IL-12 to induce IFN-y production in 
NK and T cells. Here we show that IFN-a and IL-12 strongly 
upregulated mRNA expression of the IL-18 receptor 
components, AcPL (accessory protein like) and IL-lRrpl (IL- 
1 receptor related protein 1) in human NK and T cells. In 
addition, IFN-a stimulation enhanced the expression of 
MyD88, an adaptor molecule involved in IL-18 signaling. 
Pretreatment of T cells with IFN-a or IL-12 enhanced IL-18- 
induced NF-KB activation and sensitized the cells to lower 
concentrations of IL-18. In T cells polarized with IL-12, AcPL 
and IL-lRrpl genes were strongly expressed whereas in IL-4- 
polarized T cells the respective genes were expressed at very 
low level. Therefore, it seems that AcPL and IL-lRrpl are 
preferentially expressed in Thl cells. The results suggest that 
IFN-a and IL-12 enhance innate as well as Thl-type immune 
responses by inducing IL-18 receotor epression. 
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INTERLEUKIN-4 INHIBITS LIPOPOLYSACCHARIDE 
INDUCED TNF-a mRNA PRODUCTION IN MOUSE 
MACROPHAGES. Scott W. Van Arsdell, Kevin P. Murphy, 
Csaba Pazmany, Diane Erickson, and Mark D. Moody 
Endogen, Inc., Woburn, MA 01801. 

Interleukin-4 has been reported to inhibit the LPS-induced 
production of TNF-a, and recently it has been suggested that 
the suppressive effect on TNF-a synthesis is mostly if not 
completely exerted at the translational level in J774 mouse 
macrophages (1). Here we report the the use of a novel mRNA 
quantification assay, the Xplore assay, to measure the steady- 
state levels of TNF-a mRNA found in the mouse macrophage 
cell line J774. Using this assay, we determined that the steady- 
state level of TNF-a mRNA increased rapidly to a peak level of 
5900 molecules per cell at 60 minutes post-stimulation with 10 
ng/ml of LPS. The steady-state level of TNF-a mRNA in cells 
treated with 5 ng/ml of IL-4 and 10 ng/ml of LPS showed 
similar kinetics of induction, peaking at 60 minutes. However, 
the level of TNF-a mRNA was reduced by approximately 30%, 
to 4100 copies per cell.   Integration of time-course curves of 
mRNA levels over the 12 hours of the experiment showed that 
IL-4 reduced LPS induced TNF-a mRNA by 40%. 
These results illustrate the value of accurate cytokine mRNA 
quantification when investigating the regulation of cytokine 
production. 

(1) Mijatovic, T., Kruys, V., Caput, D., Defrance, P., and Huez, 
G. (1997) Interleukin-4 and-13 inhibit tumor necrosis factor-a 
mRNA translational activation in lipopolysaccharide-induced 
mouse macrophages. J. Biol. Chem. 272: 14394 - 14398. 

IN VITRO LPS INDUCED SPLENOCYTE PRODUCTION OF 
RAT INTERFERON GAMMA IS REGULATED BY IL-6 AS 
MEASURED WITH A SPECIFIC ELISA FOR RAT IFN y. 
SF Orencole, LA Beausang, and CA Burns; Endogen, Woburn, MA 

Interferon Gamma (IFNy), in addition to its anti-viral activity, 
also acts as a prominent modulator of the immune system. 
Produced by THI and NK cells, IFNy preferentially inhibits the 
proliferation of TFI! cells resulting in an expansion of the T,„ cell 
population and their secretory products (IL-2, IL-3, TNF-ß, as 
well as IFNy). Using a unique enzyme linked immunoassay 
(ELISA) developed to specifically detect rat IFNy, we 
investigated the production and regulation of IFNy in rat 
splenocytes by exogenous IL-6. The ELISA has a dynamic range 
of 8 to 500 pg/ml and a lower limit of detection of <2 pg/ml. 
Normal rat sera or plasma IFNy levels were detectable at the 2 
pg/ml level while recovery of either recombinant or natural rat 
IFNy spiked sera and plasmas ranged 90-105%. Cross reactivity 
of the NIH/NIBSC Murine IFNy reference(Gg02-901-533) read 
4% of expected value while other rat, mouse or human cytokines 
do net cross react or interfere with the assay. In vitro LPS 
stimulated splenocyte cell culture supernatants generated in the 
presence or absence of increasing amounts of rat IL-6 were 
assessed for IFNy production using the above mentioned ELISA. 
LPS stimulated supernatants exhibited peak production at T=3Hr. 
Supernatants from cultures in the presence of IL-6 showed 
decreasing IFNy production inversely proportional with IL-6 
concentration. All rat IFNy levels reported were completely 
neutralized when incubated with a rabbit polyclonal anti-murine 
IFNy IgG. These results demonstrate the Endogen Rat IFNy 
ELISA as a specific, and accurate tool useful for the quantitative 
analysis of IFNy in experimental rat samples. 
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IL-15 EXPRESSION IS INDUCED BY IFNa IN A 
SMALL CELL LUNG CANCER CELL LINE. 

Alicia Santos. Alejandro Moro and Silvio E. Perea 
Division of Cell Biology 
Center for Genetic Engineering and Biotechnology, POB 
6162, C.P 10600. Havana, Cuba 

IL-15 is a cytokine with IL-2-like functions. Although the 
IL-15 transcript is widely expressed in several normal 
tissues and tumors, there is a strong discordance 
between IL-15 mRNA expression and detection of 
synthesis and secretion. It has been suggested that IL-15 
mRNA may exist in translationally inactive pools and cells 
might respond to intracellular infections or other stimuli 
transforming IL-15 message into protein. 
IFN a is a pleiotropic cytokine produced by many cell 
types in response to viral infection. We studied the effect 
of IFN a on IL-15 expression in the human small cell lung 
cancer cell line (SCLC) NCI-H82. Treatment of NCI-H82 
cells with IFNa induced a 2-3 fold increase in the 
expression of IL-15 mRNA at 6 hrs. The intracellular IL-15 
protein level increased at 12 hrs upon IFNa treatment as 
detected by FACS analysis. According to these results, 
IFNa could be included as an inducer of the IL-15 
expression. To our knowledge, this is the first report on 
activation of IL-15 by IFNa. Consequences of this 
induction are discussed. 
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INTERLEUKIN   16  ENHANCES THE  IL-12 AND 
IL-18 DRIVEN PRODUCTION OF INTERFERON-y 
K.   VOLLHARDT,    N.L    Mathy   and    R.    Kurth. 
Paul    Ehrlich    Institute,    Paul-Ehrlich-Str   51-59, 
D-63225 Langen, Germany 

IL-12 is a cytokine that induces the production of 
IFNy by T and NK cells. Since the enhancing effect 
of IL-16 on IL-2 driven IFNy production has already 
been shown, the possible co-stimulatory effect of 
IL-16 and IL-12 together was studied. PBMCs 
stimulated with IL-16 plus IL-12 produce more IFNy 
than those stimulated with either cytokine alone. 
Using FACS analysis, the IFNy producing cells were 
identified as CD16+ NK cells, CD8l0W+ 

T lymphocytes and CD14+ monocytes. Interestingly, 
CD4+ T lymphocytes were not positive for IFNy. The 
possible involvement of IL-18, an IFNy-co-inducing 
factor, was therefore tested. IL-16 and IL-16/IL-12 
stimulated PBMCs were found to produce IL-18, 
both at the protein and at the mRNA level. 
Furthermore, blocking of IL-18 activity by anti-IL-18 
mAb decreased the level of IL-16/IL-12 induced 
IFNy production. 



966 / Abstracts 

217 218 

THE CD14 LIGANDS LIPOARABINOMANNAN AND LPS 

DIFFER IN THEIR REQUIREMENT FOR TOLL-LIKE 

RECEPTORS. T. K. Means', E. Lien2, At. Yoshimura2, D. T. 
Golenbock2, and M. J. Fenton'. 'The Pulmonary Center and 
infectious Disease Section, Department of Medicine, 
Boston University School of Medicine, Boston MA 02118. 

Mammalian Toll-like receptor (TLR) protems mediate 
cellular activation by bacterial products, such as LPS, via a 
signaling pathway that is largely shared by the type I IL-1 
receptor. We showed that Chinese hamster ovary fibroblasts 
engineered to express CD 14 (CHO/CD14) were responsive 
to LPS, but not to a distinct CD14 ligand, myeobacterial 
lipoarabinomannan (LAM). Chinese hamsters, and thus 
CHO cells, possess a frame-shift mutation within the TLR2 
gene which results in their inability to express functional 
TLR2 protein. Thus, we hypothesized that TLR2 was 
required for LAM signaling. We found that CHO/CD14 cells 
that over-express functional TLR2 protein acquired the 
ability to be activated by LAM. Similarly, over-expression 
of TLR2 in murine macrophages conferred enhanced LAM- 
responsiveness. Conversely, peritoneal macrophages from 
TLR2-deficient Chinese hamsters could be activated by LPS, 
but not by LAM. Together, our data demonstrate that the 
distinct CD14 ligands LAM and LPS utilize different TLR 
proteins to initiate intracellular signals. These findings 
suggest a novel receptor signaling paradigm in which the 
binding of distinct ligands is mediated by a common receptor 
chain, but cellular activation is initiated via distinct signal 
transducing chains that confer ligand specificity. 

HUMAN TOLL-LIKE RECEPTORS MEDIATE CELLULAR 

ACTIVATION BY M. TUBERCULOSIS. T. K. Means', E. Lien2, 
A. Yoshimura2, D. T. Golenbock2, and M. J. Fenton'. 'The 
Pulmonary Center and infectious Disease Section, Dept. of 
Medicine, Boston Univ. Sch. of Med., Boston MA 02118. 

Recent studies have implicated a family of mammalian 
Toll-like receptors (TLR) in the activation of macrophages 
by bacterial products such as Gram-negative bacterial 
lipopolysaccharide (LPS) and the myeobacterial glycolipid 
lipoarabinomannan (LAM). Here we show that viable 
Mycobacterium tuberculosis bacilli activated both CHO cells 
and murine macrophages that over-expressed either TLR2 or 
TLR4. This contrasted with M. avium that activated cells via 
TLR2, but not TLR4. Neither membrane-bound nor soluble 
CD14 were required for bacilli to activate cells in a TLR- 
dependent manner. TLR-dependent cellular activation 
required functional TRAF6. We also found that TLR2, but 
not TLR4, could confer responsiveness to LAM isolated 
from rapidly-growing Mycobacteria. In contrast, LAM 
isolated from M. tuberculosis failed to induce TLR- 
dependent activation. Lastly, both soluble and cell wall- 
associated myeobacterial factors were capable of mediating 
activation via distinct TLR proteins. A soluble heat-stable 
and protease-resistant factor was found to mediate TLR2- 
dependent activation, whereas a heat-sensitive cell- 
associated myeobacterial factor mediated TLR4-dependent 
activation. Together, our data demonstrate that Toll-like 
receptors can mediate cellular activation by M. tuberculosis 
via CD14-independent ligands that are distinct from the 
myeobacterial cell wall glycolipid LAM. 
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DIFFERENTIAL EX WO RESPONSE TO IFN-ß AND IL-12 
IN CUTANEOUS LEISHMANIASIS PATIENTS 
Van Wevenbergh J.. Wietzerbin J., Barral A. & Barral-Netto M. 
(LIMI-Oswaldo Cruz Foundation, Salvador-BA, Brazil) 

The murine model of experimental leishmaniasis has been 
instrumental for the development of the actual ThlATh2 
paradigm, with Thl standing for protection and Th2 for 
progression of the disease. In human leishmaniasis, however, 
the situation is less clear, but polarized Thl or Th2 responses 
have been described in both cutaneous and visceral 
leishmaniasis patients. We have previously shown that IFN-ß is 
able to antagonize the protective effect of IFN-y in Leishmania- 
infected human macrophages, thus behaving as Th2-like. To 
further characterize the role of IFN-ß in Thl/Th2 development, 
we studied its possible interaction with IL-12, the key Thl 
cytokine. We found that IFN-ß by itself induced modest 
amounts of IFN-y, but was able to strongly synergize with IL-12 
for IFN-y induction in healthy controls, both in vitro (purified 
PBMC) and ex vivo (whole-blood assay). In cutaneous 
leishmaniasis patients, however, neither IFN-ß, nor IL-12 were 
able to induce ex vivo IFN-y production (p<0.01 for patients vs. 
controls), but simultaneous addition of both cytokines resulted 
in low, but significant IFN-y induction, confirming their 
synergistic action. Infection with Leishmania in vitro 
significantly (p<0.01) inhibited IL-12-induced IFN-y secretion 
in healthy controls, but drastically increased basal and IL-12- 
induced, but not IFN-ß-induced IFN-y levels in patients. In 
conclusion, IFN-ß synergizes with IL-12 for IFN-y synthesis, 
which is inhibited by Leishmania infection in vitro as well as in 
vivo, implying different molecular mechanisms for IL-12- or 
parasite-induced IFN-y induction. 
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CONSTITUTIVE EXPRESSION OF GP-130-BINDING CYTOKINES IN 
BOIJE MARROW: IMPLICATIONS FOR MYELOMA PATHOLOGY. B£ 
BARTON and T. Murphy, UMDNJ-New Jersey Medical School, Newark, 
NJ 07103. 

Myeloma is a neoplasm of plasma cells accompa nied by osteolytic 
bone lesions due to factors induced or secreted by myeloma cells which 
accumulate within the marrow. Previously it was assumed that myeloma 
cells "home" to bone marrow to proliferate. However, there is little ex- 
perimental evidence to show that myeloma cells migrate to bone marrow 
from ether organs; moreover, proliferating myeloma cells have been re- 
covered from other tissue. While investigating the pattern of gp-130- 
binding cytokine expression important for myeloma growth, m analyzed 
spleen and bone marrow cells from SCID mice transplanted with human 
myeloma cells. We also examined cells from tumor-free SCID, 
C57BL/6J, and Swiss Webster mice. Utilizing intracellular staining 
techniques and flow cytometry, we found that IL-6 and IL-11 were con- 
stitutively expressed by bone marrow but not spleen cells of all 3 types 
of mice. Some oncostatin M (0SM) expression was seen in the spleen 
cells of C57BL/6J, but not SCID or Swiss Webster mice. Moreover, 
tumor-bearing SCID mice expressed IL-6, IL-11, and oncostatin M in 
splenocytes at the same time human myeloma-derived paraprotein was 
detected in their sera. IL-6 and oncostatin M were shown to be growth 
factors for the human myeloma line in vitro by the prevention of dex- 
amethasone-induced apoptosis. Low serum levels of IL-6 and 0SM 
detected in tumor-bearing mice when significant human paraprotein was 
present may indicate that these cytokines drive myeloma proliferation in 
vivo. Currently we are phenotyping the cell(s) synthesizing the cytoki- 
nes. We conclude that myeloma cells do not migrate to bone marrow, 
but rather the constitutive expression of myeloma growth factors in bone 
marrow induces more proliferation there than at other sites in the body. 
The dysregulation of marrow function may contribute to the development 
of bone lesions characteristic of the disease. 
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EVIDENCE FOR A KEY ROLE OF IL-6 IN ANTIBODY- 
MEDIATED EXPERIMENTAL MYASTHENIA GRAVIS 
PATHOGENESIS. P. CHRISTADOSS, C. Deng, and E. 
Goluszko, Univ. of Texas Medical Branch, Galveston, TX 77555. 

Myasthenia gravis (MG) and its experimental model 
experimental autoimmune myasthenia gravis (EAMG) are 
antibody-mediated autoimmune diseases. Elimination of the 
functions of IFN-y or IL-12 only partially affected the 
autoimmunity to acetylcholine receptor (AChR). Therefore, it is 
crucial to identify the cytokine(s), which could act on the efferent 
limb of an autoimmune response to AChR in driving B cells to 
produce pathogenic anti-AChR antibodies. Besides other 
functions, a pro-inflammatory cytokine, IL-6, promotes B cell 
maturation, activation, differentiation, and IgG, antibody isotype 
switching. Also, MG patients' thymic epithelial cells over produce 
IL-6, suggesting the involvement of this cytokine in thymic 
hyperplasia and germinal center formation. To precisely study the 
role of IL-6 in EAMG, we immunized and boosted IL-5 gene 
knockout (KO) mice in the C57BL6 (B6) background and wild 
type B6 mice with AChR in CFA. The IL-6 KO mice developed 
normally, and the total number of lymph node cells after AChR 
immunization were similar to that of B6 mice. A dramatic 
reduction in the clinical EAMG incidence (16.7%) and suppressed 
anti-AChR antibody response were noted in IL-6 KO mice 
compared to B6 mice (clinical disease in 83.3%). Both the early 
and late AChR and dominant al46-162 peptide-specific 
lymphocyte responses and IFN-y and IL-10 production were 
suppressed in IL-6 KO mice compared to B6 control. This is the 
first evidence for a key role of IL-6 in the autoimmune response to 
AChR and in the development of EAMG. Therefore, IL-6 
antagonists could be used in the treatment of EAMG/MG. 

ARTERITIS IN MICE LACKING IL-1RA 
♦Martin J. H. Nicklin. fDavid E. Hughes, *Jenny L. 

Barton, iJan M. Ure and »Gordon W. Duff 
* Division of Molecular and Genetic Medicine & t Division of 
Oncology and Cellular Pathology, University of Sheffield, UK. 

■(Centre for Genome Research, University of Edinburgh, UK. 

In the high pressure arterial system, branch points and flexures 
have long been recognized as sites of unusually high turbulence and 
consequent stress, and in humans are foci for atherosclerotic 
lesions. We show that mice that are homozygous for a null 
mutation in the gene encoding an inlerleukin-l receptor antagonist 
(IL-lra), developed lethal arterial inflammation involving branch 
points and llexures of the aorta and its primary and secondary 
branches. The disease is focal. We have observed aneurysm 
formation, with massive transmural infiltration of neulrophils, 
macrophages and CD4* T-cells, destruction of elastic laminae and 
invasion of the vessel intima by smooth muscle cells. Animals 
have usually died as a result of vessel wall collapse, causing organ 
infarction, or less frequently as a result of haemorrhage from 
ruptured ancurysms. Few heterozygotes have died within a year of 
birth, but small lesions have been found in prospectively killed 
individuals, which suggests that a reduced level of intcrleukin-1 
receptor antagonist is insufficient to control inflammation fully in 
arteries. Our results demonstrate a surprisingly specific role for 
interleukin-1 receptor antagonist in the control of spontaneous 
inflammation in constitutively stressed artery walls, suggesting 
that expression of interleukin-1 is likely to have a significant role 
in signalling artery wall damage. Apart from occasional 
sialoadenitis, inflammation was not found at other sites. However, 
work from other laboratories suggests that IL-lra deficiency on 
different genetic backgrounds causes specific inflammatory lesions 
at other sites. 
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ANTI-INTERLEUKIN-6 ANTIBODY TREATMENT RESTORES 
SOME BUT NOT ALL IMMUNE FUNCTIONS AFTER 
THERMAL INJURY. EJ Knvacs. LA Duffner.and MS Gregory. 
Loyola University Chicago, Maywood IL, 60153 

We recently reported that cell mediated immune responses 
(delayed type hypersensitivity (DTH) and splenocyte proliferation) 
were suppressed after being subjected to a 15% total body surface 
area scald injury and that this suppression occurred at times when 
circulating levels of interieukin-6 (IL-6) were significantly elevated. 
To further examine the role of IL-6 in the control of cell mediated 
immunity after scald injury, animals were given i.p. injections of 
anti-lL-6 antibody (or control IgG) on days 4, 6, and 8 post injury 
and examined for DTH and splenocyte proliferative responses and 
cytokine production on day 10. There was an 84% decrease in the 
DTH response in IgG treated mice at 10 days following thermal 
injury relative to IgG treated sham controls which did not differ 
from untreated mice. Anti-IL-6 treatment resulted in a significant 
39% recovery in the DTH response in scalded mice when compared 
to IgG treated thermally injured animals (p<0.05). In contrast to the 
partial recovery in the DTH response, anti-IL-6 antibody treatment 
fully restored the Con A mediated splenocyte proliferative. The 
proliferative response of splenocytes isolated from IgG treated 
thermally injured mice was decreased by 43% when compared to 
sham animals given IgG (p<0.05), while the proliferative response 
of splenocytes isolated from anti-IL-6 treated scalded animals was 
indistinguishable from sham levels. Thus, splenocyte proliferation 
appears to be more sensitive to IL-6 treatment than the DTH re- 
sponse. Future studies will further explore this differential sensitivity 
to determine whether there is potential for use of anti-IL-6 therapy to 
improve immune status of the critically burned patient. (Supported 
by NIH GM55344, AG16067, and AA12034) 
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ROLES OF INTERFERON CONSENSUS SEQUENCE 
BINDING PROTEIN AND PU.l IN REGULATING IL-18 
GENE EXPRESSION IN MOUSE MACROPHAGES. 
Y. M. Kim, H. S. Kang, S. G. Paik*, K. H. Pyun, and I. Choi, 
Immune Cell Signal Transduction R. U., Korea Research 
Institute ofBioscience and Biotechnology, *Dept. of Biology, 
Chungnam National University, Taejon, Republic of Korea. 

IL-18, previously known as IFN-y-inducing factor, is 
expressed in a variety of cell types and functions as a cytokine 
playing various regulatory roles in the immune system. Its 
gene expression is regulated by two promoters located 
upstream of exon 1 (5'-flanking region) and upstream of exon 
2 (intron 1). We have cloned both promoter regions into 
reporter plasmid to yield pl-2686 for the 5'-flanking promoter 
and p2-2.3 for the intron 1 promoter. Both promoters showed 
basal constitutive activity and LPS-inducibility when 
transfected into RAW 264.7 macrophages. To learn the 
regulatory elements mediating constitutive and LPS-inducible 
promoter activity, 5'-serial deletion and site-directed mutants 
of both promoters were constructed. For the activity of pl- 
2686 promoter, interferon consensus sequence binding protein 
(ICSBP) binding site between -39 to -22 was critical. EMSA 
using an oligonucleotide probe encompassing the ICSBP- 
binding site showed that LPS treatment increased the 
formation of DNA binding complex. In addition, when 
supershift assays were performecf, the retardation of the 
protein-DNA complex was seen by the addition of anti- 
ICSBP antibody. For the activity of p2-2.3 promoter, PU.l 
binding site between -31 to -13 was important. EMSA with a 
PU.l-specific oligonucleotide demonstrated that PU.l binding 
is constitutive and increased by LPS treatment. The addition 
of PU.l-specific antibody to LPS-treated nuclear extracts 
resulted in the formation of a supershifted complex. 
Furthermore, co-transfection of ICSBP or PU.l expression 
vector increased pi promoter or IL-18 expression, 
respectively. Taken together, these results indicate that ICSBP 
ana PU.l are critical elements for IL-18 gene expression. 
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Expression of the Novel Cytokine IL-B30 in 

Transgenic Mice Induces a Multi-Organ 
Inflammatory Disease 

M. WiekowxkiO. M. Leach©, E. Evans©, L. SulIivanO, S. ChenO, 
T. YangO, R. Kastelein©, S. Narula O, and S. A. Lira O 
O Dpt of Immunology, Schering-Plough Research Institute, 2015 Galloping 
Hill Rd, Kenilworth, NJ 07033 0  Dpt of Drug Safety and Metabolism, 
Schering-Plough Research Institute, 144 Route 94, Lafayette, NJ 07848 6 
DNAX Research Institute, 901 California Ave, Palo Alto, CA 94304 

A novel cytokine (IL-B30) was cloned from ESTs in the 
public database. Sequence analysis grouped it into the IL- 
6/G-CSF family of long-chained cytokines. Transgenic 
expression of IL-B30 from the ß-actin promoter induced a 
striking phenotype characterized by runting, systemic 
inflammation, infertility and death. Microsopically, founder 
animals had infiltration of inflammatory cells into lung, !iver and 
skin and inflammation of the digestive track. This inflammatory 
response was associated with increased number of platelets, 
increased immunoglobulin synthesis, and constitutive 
expression of acute phase proteins in the liver. While IFN-y, 
IL-1 and TNF-a were expressed at high levels in IL-B30 
transgenic animals, no expression of IL-6 could be detected. 
This suggests that IL-B30 is a novel cytokine with functions 
similar to IL-6. However in contrast to IL-6 expression of 
functional IL-B30 appears to be restricted to hemaotpoietic 
cells, since liver-specitic transgene expression of IL-B30 did 
not result in a phenotype. In contrast, bone marrow 
transferred from ß-actin - IL-B30 transgenic animals into 
lethally irradiated recipients induced a phenotype similar to the 
one detected in donor transgenic animals. We are now 
expressing IL-B30 conditionally in transgenic animals to 
further analyze its biology in vivo. 

226 
HMG-1    INDUCES    TNF    SYNTHESIS    IN    HUMAN 
PERIPHERAL BLOOD MONONUCLEAR CELLS. 
H. WANG, H. Yang, U. Andersson, M. Zhang, A. Sama 
and K.J. Tracey, North Shore University Hospital and The 
Picower Institute for Med. Res., Manhasset, NY 11030 

Lethal endotoxemia stimulates the release of 
macrophage-derived cytokines (e.g. TNF and IL-1ß) that 
mediate tissue injury and shock. Death, however, 
frequently occurs several days later when serum TNF and 
IL-1ß levels have returned to basal levels, implicating other 
"late" mediators in endotoxin lethality. Recently, we 
reported that HMG-1 is released from macrophage and 
human peripheral blood mononuclear cell (HuPBMC) 
cultures following stimulation with LPS, TNF, or IL- 
lß. HMG-1 levels are increased significantly 8 hours after 
the onset of endotoxemia (Science 285: 248-251, 1999). 
Passive immunization of mice with anti-HMG-1 antibodies 
protected against the LPS lethality, and administration of 
purified HMG-1 protein is itself toxic. To elucidate 
mechanisms underlying HMG-1-mediated toxicity, we 
examined effects of HMG-1 on the synthesis of TNF in 
HuPBMCs. Administration of HMG-1 to HuPBMC cultures 
(0 - 1000 ng/ml) induced TNF protein synthesis in 
HuPBMCs in a time- and dose-dependent manner, with 
maximal effect at 8 hours after stimulation. The up- 
regulation of TNF protein synthesis was accompanied by a 
delayed increase of TNF mRNA levels (peaking at 8-10 
hours, vs. 2-4 hours after LPS stimulation). Thus, 
amplification of the inflammatory cytokine cascade by 
HMG-1 might contribute to the endotoxin lethality. 
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DISTINCT AND OVERLAPPING ROLES OF 
LYMPHOTOXIN AND TNF IN DEVELOPMENT OF 
LYMPHOID TISSUES: CORRELATIONS WITH GENE 
EXPRESSION PATTERN. 
S.A. NEDOSPASOV, D.V. Kuprash, A.V. Tumanov, M.B. 
Alimzhanov, A.O. Anderson, K. Pfeffer, and A.N. Shakhov, IRSP, 
SAIC Frederick, NCI-FCRDC, Frederick, MD 21702, USA; 
Engelhardt Inst. of Molec. Biol. Moscow, Russia; Inst. of Genetics, 
Univ. of Cologne, Germany; Inst. of Med. Microbiology, Immunol, 
and Hygiene, Technical Univ. of Munich, Germany; USAMRIID, 
Fort Detrick, Frederick, USA. 

Previous studies have established the role of two signaling 
pathways, LT/LTßR and TNF/TNFRp55, in the development of 
lymphoid tissues and in the maintenance of their functional 
microarchitecture. V/e have compared occurrence and structure of 
lymphoid tissues in LTa, LTß, TNF, TNFRp55, double LTß/TNF 
and triple TNF/LTa/LTß KO mice. Unlike recently reported 
LTß/TNFRp55 double KO mice, the double LTß/TNF KO mice 
develop mesenteric lymph nodes, indicating distinct role for LTa 
signaling via TNFRp55. Although LT/LTßR pathway appears to 
play the major role in development of spleen and lymph nodes, our 
data suggest non-redundant role of TNF signaling in positioning of 
stromal elements which control compartmentalization of lymphoid 
cell populations. In order to identify genes whose expression may be 
associated with phenotypic alterations, we subtractively cloned 
several dozen known and novel genes from spleens of mice with 
combined TNF/LT deficiency. The gene products include receptor 
of marginal zone macrophages, components of neutrophil granules, 
chemokine of lymphoid organs, novel phospholipase A2 (SPLASH) 
and other. Decreased expression of most of these genes is associated 
with disrupted LT/LTßR, but not with TNF/TNFR signaling 
(supported in part by N1H Contract NO1-CO-56000). 
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HUMAN ß-DEFENSINS USE CCR6 AS A RECEPTOR TO 
CHEMOATTRACT DENDRITIC AND T CELLS.   D. Yang,' 
0. Chertov,1 S. N. Bykovskaia," Q. Chen,1 J. Shogan,2 M. 
Anderson,' J. M. Schröder,4 J. M. Wang,1 O. M. Z. Howard,1 J. 
1. Oppenheim', 'Lab. Mol. Immunoregulation, NCI-FCRDC, 
Frederick, MD 21702, USA. ^Allegheny Univ. Health Sei., 
Pittsburgh, PA 15212, USA. 'Magainin Res. Inst., Plymouth 
Meeting, PA 19642, USA. 4Dept. Dermatol., Christian 
Albrechts Univ. Kiel, Schittenhelmstr 7, D-24105 Kiel, 
Germany. 

Defensins have antimicrobial activity and disrupt the 
cytoplasmic membrane of microorganisms. We observed that 
human ß-defensins (HBDs) were also chemotactic for immature 
dendritic cells (DCs) and memory T cells, but not for mature 
DC and naive T cells. The chemotactic effect of HBDs on DCs 
and T cells was inhibitable by pertussis toxin, suggesting that 
HBDs might use a G-protein coupled seven transmembrane 
domain receptor. Investigation of cells stably transfected with 
chemokine receptors known to be expressed by both immature 
DCs and memory T cells revealed that HBDs selectively 
chemoattracted CCR6-transfected cells in dose-dependent, 
pertussis toxin-sensitive manner. HBD-induced DC migration 
was inhibited by anti-CCR6 antibodies. Furthermore, the 
binding of iodinated LARC, the chemokine ligand for CCR6, to 
CCR6-transfected cells was competitively displaced by 
HBDs. Thus, HBDs utilize CCR6 as a receptor and may be 
considered as "microchemokines" that promote adaptive 
immune responses by recruiting DC and T cells through 
interaction with CCR6 to the site of microbial invasion. 
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IDENTIFICATION     OF      A      NOVEL      FOUR- 
TRANSMEMBRANE DOMAIN PROTEIN ON TH1 
LYMPHOCYTES. 
C. Venkataraman. G. Schaefer and U. Schindler, 
Tularik Inc., South San Francisco, CA- 94080, 
USA 

Differentiation of helper T (Th) cells induces programmed 
expression of specific sets of genes in Thl and Th2 
lymphocytes. Using a differential substruction approach, 
we identified a novel four-transmembrane protein which 
is specifically expressed by Thl but not Th2 cells. 
Expression of the corresponding mRNA is seen in Thl cells 
from Stat4 deficient mice, and in IL-12 and anti-IL-4 
treated T cells from IFN gamma-deficient mice. The 
mRNA was also detected in T cells from Stat6 deficient 
mice following activation through the antigen receptor. 
However, Thl polarization conditions were required to 
induce expression of this protein in T cells from Stat4- or 
IFN gamma-deficient mice. These observations indicate 
that the expression of this transmembrane protein in Thl 
cells does not require signal transduction events mediated 
via the two transcription factors, Statl or Stat4. 
However, expression of this protein in Th2 populations can 
be prevented by Stat6-dependent signaling events. 
Overexpression of this four-transmembrane protein results 
in a potent inhibition of IL-4-mediated gene transcription, 
while it modestly augments IFN gamma-induced gene 
transcription. These observations suggest that expression 
of this novel four-transmembrane protein can potentially 
downregulate inappropriate IL-4-mediated signal 
transduction in Thl lymphocytes. 

CLONING AND CHARACTERIZATION OF MOUSE 
AND   HUMAN   TIF,   A   NEW   IL-10-RELATED 
CYTOKINE. 
Dumoutier L.. Ameye G., Michaux L. and Renauld J.-C. 
Ludwig Institute for Cancer Research, Brussels Branch, 
and  Cliniques  Univesitaires St-Luc, B-I200 Brussels, 
Belgium. 

TIF (T cell-derived Inducible Factor) is a new cytokine 
recently identified as a gene induced by IL-9 in murine T 
lymphocytes. The cDNA of its human homologue was 
cloned based on homology with the mouse sequence. Both 
human and mouse TIF consist of a 179 amino acid long 
protein, including 4 cysteins, and showing 22% amino acid 
identity with IL-10. The human TIF gene has been 
mapped on chromosome 12, at 12ql5, in a region where a 
genetic linkage with asthma has been reported. Both 
human and mouse genes consist of 6 exons spreading over 
approximately 6 kb. This gene was found to be duplicated 
in some mouse strains such as FVB and 129. The second 
copy of the gene, called TIFß, shows 95% nucleotide 
identity with TIFct,. The deduced amino acid sequence 
showed only one non conservative difference, suggesting 
that the TIFß and TIFa proteins share similar functional 
properties. However, the TIFß gene is characterized by a 
deletion of the region containing the non-coding exon 1 
and the first part of the promoter including the TATA box, 
suggesting a distinct transcriptional regulation. 

231 232 
BLYS, A NOVEL MEMBER OF THE TUMOR NECROSIS 
FACTOR FAMILY AND POTENT B LYMPHOCYTE 
STIMULATOR. D. M. Hilbert, P. A. Moore, O. Belvedere, 
Y. Li, V. Roschke, J. Fikes, B. Nardelli and J. Giri. 
Human Genome Sciences, Inc., 94I0 Key West Avenue, 
Rockville, MD 20850 

The TNF superfamily of cytokines includes both 
soluble and membrane bound proteins with critical roles 
in the regulation of immune and inflammatory 
responses. BLyS (B Lymphocyte Stimulator) is a novel 
member of the human TNF-ligand family that 
specifically induces B cell proliferation, differentiation 
and Ig secretion. BLyS is expressed on normal human 
monocytes and can be upregulated following activation 
with IFN-y. A naturally occurring soluble form of BLyS 
which lacks the first 133 NH2-terminal residues 
functions as a potent B cell growth and differentiation 
factor in co-stimulatory assays. Administration of 
soluble rBLyS to mice resulted in a disruption of splenic 
B and T cell zones accompanied by the appearance of a 
mature (CD45R(B220)""", ThB(Ly6D)b^i',,") B cell 
population. BLyS administration also resulted in a 
significant increase in serum levels of IgM, IgA, and 
IgG. The B cell tropism displayed by BLyS is consistent 
with its receptor expression on B-lineage cells obtained 
from tonsil, peripheral blood, and B cell tumors. The 
biological profile of BLyS suggests that it is a critical 
component of monocyte/macrophage driven B cell 
activation. 

ANALYSIS AND FUNCTIONALITY OF ISOFORMS OF 
NATURALLY OCCURRING IL-18 BINDING PROTEIN 
(IL-18BP) 
Soo-Hyun Kim1. D. Novick2, L. Reznikov1, G. Fantuzzi1, M. 
Rubinstein2 and C. A. Dinarello1, 'Univ. of Colorado Health 
Science Center, Denver, CO, 80262 and 2 Dept. of Molecular 
Genetics Weizmann Institute of Science, Rehovot, Israel 

Four isoforms in human and two isoforms in 
murine IL-18BPs are present in five different cDNA 
libraries. Each isoform has an identical mature N-terminus. 
The major difference in each isoform is at the C-terminus 
as a consequence of mRNA splicing. There are four 
putative glycosylation sites in human IL-18BP isoforms "a" 
and "c" and in murine isoforms "c" and "d" ■ However, 
human IL-18BP isoforms "b" and "d" are deleted at their 
C-termini. Of importance, human IL-18BP isoform "b" 
does not possess glycosylation sites whereas IL-18BP 
isoform "A" has one of the four sites. 

Recombinant IL-18BPs were expressed transiently 
in COS-1 cells, and examined for blocking IL-18 induced 
IFN-Y in human PBMC, the NK92 cells and primary 
murine splenocytes. Human IL-18BP "a" and "c" 
completely blocked human IL-18. In addition, IL-18BPs 
completely blocked murine IL-18 in splenocytes. In 
contrast, human 1L-18BP "b" and "d" did not affect the 
biological activity of human or murine IL-18 even of 3-4 
molar excesses. Interestingly, the full-length murine 
IL-18BP isoforms "c" and "d" inhibited murine IL-18 but 
only the murine IL-18BP "d" was active against human 
IL-18. These studies demonstrate that the binding of IL-18 
to different naturally occurring isoforms of human and 
murine IL-18BPs may affect the ability of IL-18BP to 
suppress the Thl response in vivo by acting as either 
inhibitors or carriers of IL-18. 
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INTERFERON-GAMMA INDUCED DESENSITIZATION 
(IGID) FOR HOUSE DUST MITES : MODULATION OF 
IMMUNE STATUS FROM TH2 TO TH1 USING 
INTERFERON-GAMMA AS A NEW THERAPEUTIC 
CONCEPT FOR ATOPIC DERMATITIS. G.W. NOH and K.Y. 
Lee, Sungkyunkwan Univ. Sch. Med., Seoul, Korea 100-380 and 
Yonsci Univ. Col Med, Seoul, Korea 120-749. 

Inlcrferon-gamma is a Thl cytokine which maintains Thl/Th2 
balance in the immune response. Atopic dermatitis is one of 
allergic diseases in which immune status is deviated to Th2 with 
decreased interferon-gamma and increased interleukin-4. IgE 
antibody response in Th2-deviated status lead patient to allergic 
status. A total of 170 patients who showed apparent allergy mainly 
to house dust mites were selected. Reverse of Thl/Th2 imbalance 
and desensilization in this reversed Thl/Th2 status for house dust 
miles were tried in 100 patients. Simple interferon-gamma therapy 
was conducted on 30 patients and simple desensilization was 
conducted on another 10 patients. The remaining 30 patients 
received none of the above therapies. Interferon-gamma induced 
desensilization (1G1D) for house dust mites was successfully 
achieved in 84% of subjects. Total IgE, specific IgE for house dusl 
miles, and skin reactivity to house dust miles allergens were all 
dramatically decreased. The ratio of interferon-gamma-containing 
cells to interleukin-4-containing cells was also effectively 
decreased. Conclusively, IGID was successful and it has been 
found that house dust mites may play a pathogenic role in a 
subgroup of atopic dermatitis. Desensitization for house dust mites 
was effectively achieved by an appropriate immune modulation. 
Thl/Th2 balance may be clearly present in human immune 
regulation especially in those concerning the development of 
allergy. 

234 
XANTHINE OXIDASE AS A MEDIATOR OF CYTOKINE 
ACTION IN ARTHRITIS AND EXPERIMENTAL 
AUTOIMMUNE ENCEPHALOMYELITIS. P. GHEZZ1. P. 
Villa, M. Fratelli, P. Van der Meide, D. Agnello. Lab 
Neuroimmunology, Istituto "Mario Negri", 20157 Milan, Italy; 
and Dept. Immunology, Biomedical Primate Research Centre, 
Rijswijk, The Netherlands. 

Oxidative stress has been implicated in inflammatory diseases and 
in demyelinating diseases. However, the source of the reactive 
oxygen species (ROS) in these diseases is not clear. We have 
investigated the effects of cytokines on the ROS-generating enzyme, 
xanthine oxidase (XO), and found that administration of IFN and 
1L-12 to mice induce its activity in various tissues. We found an 
induction of XO in the joint of rats with adjuvant arthritis, but not 
in the circulation. This was associated with depletion of 
glutathione (GSH), indicating oxidative stress. XO was also 
elevated in the spinal cord, not in circulation, of rats with 
experimental autoimmune encephalomyelitis (EAE). This was 
associated with GSH depletion in the spinal cord. XO induction 
was inhibited by anti-IFNg antibodies, suggesting it might 
mediate part of the central actions of IFNg. Treatment of EAE rats 
with rat IFNb, while ameliorating the disease, did not decrease the 
levels of XO in the spinal cord. However, IFNb induced a marked 
elevation of XO in the circulation. We hypothesize that induction 
of peripheral XO by IFNb might result in ROS-mediated 
immunosuppression and contribute to the pharmacological action 
of IFNb. Thus, XO might be a mediator of the action of IFN with 
different effects depending on the compartment where it is induced. 

235 
TRANSFORMATION BY TNF-ot IN BALB/3T3 CELLS 
AND OVEREXPRESSION OF IL-1 GENE IN THE 
TRANSFORMANTS. M. SUGANUMA. S. Okabe, E. 
Sueoka, and H. Fujiki. Saitama Cancer Center Res. Inst. 
Saitama 362-0806, Japan 

Using two-stage carcinogenesis experiments in TNF-a- 
deficient mice, we demonstrated that TNF-a is an essential 
cytokine for tumor promotion.  Next, we examined whether 
TNF-a itself has carcinogenic activity: Treatment with either 
human TNF-a or mouse TNF-a (10 ng/ml) significantly 
induced transformed foci of BALB/3T3 cells, 2.08 fociAIish 
and 0.92 foci/dish compared with 0.13 foci/dish for non- 
treated cells, indicating that TNF-a does indeed have 
carcinogenicity.  To investigate genetic changes in trans- 
formants induced by TNF-a, we established 18 transformed 
clones and named them TNF-p>transformed BALB/3T3 in 
Saitama (TABS) clones.  All TABS clones showed tumori- 
genicity in nude mice and colony forming activity in soft 
agar, of various potencies. We chose the 3 clones (TABS-2, 
-37, and -56) showing the most malignant phenotypes for 
further examination.  Study on chimeric cells of TABS 
clones (-2, -37, and -56) and BALB/3T3 cells indicated that 
TABS-2 and -56 had dominant malignant phenotypes, and 
TABS-37, recessive phenotypes.  Mutations of oncogenes in 
TABS-2 and -56, and of suppressor genes in TABS-37, are 
now expected.   Furthermore, we found that all TABS clones 
commonly overexpressed IL-1 gene.  These results suggest- 
ed that TNF-a is the instigator for transformation of cells 
and that induced IL-1 plays a key role in carcinogenesis. 

236 
IMMUNOTHERAPY OF RENAL CARCINOMA 
SUPPRESSES NF-KB RESPONSE AND INCREASES 
SUSCEPTIBILITY TO CYTOTOXIC EFFECTORS. 
U. Junker, B. Henzgen, T. Steiner, K. Nuske, S.K. 
Durum. Inst. Clin. Immunol., Univ. Jena, D-07740 Jena, 
Germany 

In immunochemotherapy (ICT) for advanced renal cell 
carcinoma (RCC), the used cytokines are considered to 
activate the immune response. However interferons also 
modulate the resistance of tumor cells to proapoptotic 
effectors. Here we show that NF-KB signaling is 
suppressed by IFNa and IFNy in several permanent cell 
lines and in primary cultures of RCC. Simultaneously we 
observe increased cell killing by TNFa in some cell lines 
only. This is not caused by diminished NF-KB protein 
levels, but by lower transactivating capacity. In an in vitro 
model of ICT (IL-2, IFNa, 5-fluorouracil, doxorubicin, 
Caelyx®) pretreatment of RCC with IL-2 and IFNa leads 
to a diminished NF-KB response to TNFa and a 
diminished baseline NF-KB activity. In certain tumors, 
this correlates with increased susceptibility to TNFa, 
doxorubicin or Caelyx® but not to 5-FU. We find that a 
dominant negative IKB construct leads to the same effect 
as the IL-2 / IFNa pretreatment as shown by 
predominant elimination of the transfected cells from the 
overall population, while constitutively active p65 leads 
to a partial rescue from the effect of IL-2 and IFNa, but 
not from baseline killing. We conclude that besides of 
immunomodulating effects, treatment of RCC with IL-2 / 
IFNa leads to a proapoptotic state in certain tumors. In 
an ongoing study we are investigating whether these are 
the patients who can be expected to respond to ICT. 
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CCR8-DEPENDENT ACTIVATION OF THE RAS/MAP- 
KINASE PATHWAY MEDIATES ANTI-APOPTOTIC 
ACTIVITY OF 1-309 AND vMIPl. 
Renauld J.-C. Louahed J., Struyf S., Proost P. and Van 
Damme J. Ludwig Institute for Cancer Research, Brussels 
Branch, and Rega Institute, Leuven, Belgium. 

We have previously shown that the CC-chemokine 1-309 
protects mouse thymic lymphomas against corticoid-induced 
apoptosis. Here, we focused on the signal transduction 
pathways involved in this activity on BW5147 lymphoma. 
Inhibition of the 1-309 activity by Pertussis toxin suggested 
the involvement of a G protein-coupled receptor. In addition 
to CCR8, previously shown to bind 1-309, BW5147 cells 
expressed CXCR4, CCR4, CCR5 but chemokines such as 
SDF-1, MCP1, MlPIa and Rantes failed to protect cells 
against apoptosis suggesting that CCR8 chemokine receptors 
activate a specific signal transduction pathway. By contrast, 
vMIPl, another CCR8-ligand identified from the genome of 
a T-cell transforming Herpes virus, shared the anti-apoptotic 
activity. Further analysis demonstrated that 1-309 activates 
the MAP-kinase pathway in CCR8-transfected CHO cells. 
The role of this pathway was demonstrated by the fact that 
PD98059, an inhibitor of MAP-kinases, as well as dominant 
negative forms of the Ras protein specifically blocked the 
anti-apoptotic activity of 1-309 but not that of IL-9. Finally, 
protection against apoptosis was also conferred to BW5147 
cells by expression of an activated form of Ras, showing that 
activation of this pathway mimics 1-309 activity in these 
cells. 

THE MECHANISM OF MGSA/GROa MEDIATED TRANS- 
FORMATION IN MOUSE MELANOCYTES. D. Z. WANG. J. Du, 
J. Luan, P. Liang, K. Matsumoto, K. Tsubakimoto, T. Endo, A. 
Richmond, Vanderbilt Univ. Sch. Med., Nashville, TN 37232, VA 
Medical Center, Nashville, TN 37212, and Chiba Univ., Japan. 

MGSA/GRO is characterized as an autocrine growth factor for 
melanoma cells. We have previously demonstrated that immortalized 
mouse mclan-a clones continuously expressing the human 
MGSA/GROa, ß, or y transgencs exhibit enhanced ability to form 
large colonies in soft agar and tumors in SCID and nude mice. To 
determine the effects of constitutive expression of MGSA/GRO on the 
expression of other genes invo'ved in mclanocyte tumor progression, 
differential display was performed. M-ras was identified as over- 
expressed in MGSA/GRO-expressing melan-a clones. In the in vitro 
transformation assay, over-expression of M-ras induced cellular 
transformation, while over-expression of dominant negative M-ras 
blocked MGSA/GRO induced transformation. To further characterize 
the downstream targets of the MGSA/GRO enhanced ras expression, 
wc examined the potential effects of ras on AP-1 and NF-KB . 
Transfection of either M-ras or the dominant active form of M-ras into 
non-MGSA/GRO expressing melan-a cells increased basal AP-1 and 
NF-KB transactivatbn, while transfection of the dominant-negative 
M-ras into MGSA/GRO expressing cells inhibited endogenous AP-1 
and NF-KB transactivation. Moreover, MGSA/GRO induced 
mclanocyte transformation requires the activation of NF-KB, based on 
the observation that over-expression of IKBCC blocked the 
MGSA/GRO induced transformation and induced apoptosis in 
MGSA/GRO expressing mclan-a cells. In conclusion, MGSA/GRO 
enhanced ras expression is essential for MGSA/GRO induced 
mclanocyte transformation, while activation of NF-KB protects 
transforming cells from apoptosis. 

239 240 
DIFFERENTIAL ACTIVITY OF E.-I ALPHA AND LL.-1 
UETA IN TUMOR DEVELOPMENT. E Voronov*. T. 
Dvorkin*, E Fima*. X. Song*. R. White*, E. Cagnano*. 
D. Benharroch*, 0 BjorkdahJ**, A. Gjorloff Wingren**, 
M Dohlsten**, R. ApteV Department of Immunology and 
Microbiology Faculty of Health Sciences 
Ben-Gurion University of the Negev*. Israel, University of 
Lund. Sweden" 
IL-1 consists of a family of two proteins, namely TL-la and 
IL-lb, which overlap in their biological activities and bind 
to the same receptors. tL-la previously was shown, to be a 
good candidate for the treatment of different metastatic and 
non-metastatic murinc tumor models. In this study, we 
evaluated the mechanism of IL-Ia anti-tumor activity and 
[he role of IL-lb in tumor immunology. A3 a model we 
used IL-Ia and IL-lb-transduced fibrosarcoma cells, 
injected into NFS mice. IL-1 a-transduced fibrosarcoma 
cells lose their tumorigenicity and either do not grow in 
mice or start to grow and subsequently regress. In 
contrast, IL-lb-transduced cells show even more 
tumorigenicity than wild-type fibrosarcoma cells. In 
immunohistochemical studies, a dense infiltrate of 
inononuclear cells, composed mainly of CD8+ T cells and 
NK cells was shown to invade IL-ta positive 
fibrosarcomas, starting from the first week after inoculation 
of the malignant cells, and ultimately replacing the tumor 
cells by 40-45 days after tumor inoculation. In contrast, in 
wild-type and tL-lb transfectants, we see an infiltrate 
composed mainly of neutrophils predominantly located at 
the periphery of the tumor, the first week after tumor 
injection with progressively increased tumor mass. 
Regression of IL-la-positive fibrosarcomas is mainly 
mediated by T cells, predominantly CD8+ lymphocytes. In 
vivo depletion of CD8+ cells abrogates regression of the 
tumor, in contrast to depletion of CD4+ lymphocytes, 
which does not In addition, we have found 
that IL-1 a-transduced fibrosarcoma cells can secrete 
stimulatory cytokincs, such as IL-6 and thus stimulate the 
function ortissuc-resident APCs IL-la-positive cells were 
found to express the co-stimulatory molecule B7. which 
increases activation of anti-tumor T cell-mediated 
immune responses. Thus, we concluded that membrane- 
associated IL-la may serve as an adhesion molecule, 
promoting ellicient cell-to-cell interaction between 
malignant tumor ceils and immune effector cells and as 
a focused cytokine with a strong adjuvant activity. The 
progressive growth of IL-lb-transduced fibrosarcoma cells 
shows the dilVeren! ell'ect of these cytokines on the tumor 
development Probably, IL-lb can induce tumor growth by 
affecting interaction between tumor cells and endothelial 
cells ttnd by inducing angiogenesis. 

INTERACTION OF THE SKI ONCOPROTEIN 
WITH SMAD3 REGULATES TGF-ß SIGNALING. 
Xuedong Liu*. Yin Sun*, E. N. Eaton*, W. S. Lane*, 
H. F. Lodish*t and R. A. Weinberg*f. 
*Whitehead Institute forBiomedical Research, Nine 
Cambridge Center, Cambridge, MA 02142. 
tDepartment of Biology, Massachusetts Institute of 
Technology, Cambridge, MA 02139. "Harvard 
Microchemistry Facility, Harvard University, 16 
Divinity Avenue, Cambridge, MA 02138. 

TGF-ß treatment of cells induces a variety of 
physiologic responses including growth inhibition, 
differentiation and induction of apoptosis. Some 
TGF-ß-initiated signals are conveyed through Smad3; 
TGF-ß binding to its receptors induces 
phosphorylation of Smad3 which then migrates to the 
nucleus where it functions as a transcription factor. 
We describe here the association of Smad3 with the 
nuclear proto-oncogene protein Ski in response to the 
activation of TGF-ß signaling. Association with Ski 
represses transcriptional activation by Smad3, and 
overexpression of Ski renders cells resistant to the 
growth-inhibitory effects of TGF-ß. The 
transcriptional repression as well as the growth 
resistance to TGF-ß by overexpression of Ski can be 
overcome by overexpression of Smad3. These 
results demonstrate that Ski is a novel component of 
the TGF-ß signaling pathway and shed light on the 
mechanism of action of the Ski oncoprotein. 
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OVEREXPRESSION OF THE BCL-2 FAMILY MEMBER 

Al  IN CD4* T CELLS FROM IL-2 DEFICIENT MICE. 

S.Wagner. Burkhard Kneitz, A. Schimpl, Univ. Würzburg, 

97078 Würzburg, Germany 

IL-2 deficient mice characteristically develop 
lymplioadenopathy and multiorgan infiltration as a 
consequence of uncontrolled activation of CD4* T cells, a 
high proportion of which exhibit a memory phenotype 
(CD62L'", CD44"1, CD45RB1"). One of the reasons for 
accumulation of peripheral T cells may be the inability of T- 
cells stimulated in the absence of IL-2 to undergo CD95 
mediated cell death, although these cells express the same 
levels of CD95 and molecules forming the "death inducing 
signaling complex" as do wildtype T cells. The same or 
higher levels of caspases were investigated. Using RNase 
protection assays, expression levels of Bcl-2 family members 
were investigated. Al was found to be highly overexpressed 
in IL-2 deficient T cells, that were activated in vitro, whereas 
Bcl-2 was barely detectable. Al has been previously shown 
to rescue cells of the hematopoetic lineage from apoptosis. 
Experiments are currently in progress to assess wether the 
overexpression of Al is causative for abnormal cell survival 
in IL-2 deficient mice or a consequence of the accumulation 
of CD95 insistent cells. 

242 

MULTIPLE MECHANISMS OF TUMORLYSIS BY ACTIVATED 
T CELLS. T.J. Savers. A.D. Brooks, N. Seki, A.M. Malyguine, M.J. 
Smyth and B.R. Blazar, IRSP, SAIC-Frederick, NCI-FCRDC, 
Frederick, MD 21702-1201. 

Cytotoxic T cells (CTL) and natural killer (NK) cells lyse virally- 
infected or tumor target cells using 2 established mechanisms (!) 
directed release of lytic granules containing perforin and granzymes, 
(2) expression of Fas ligand (FasL) or TNF by effector cells, which 
on engagement of appropriate receptors on the target cell triggers 
apoptosis. We have examined mechanisms of target cell lysis using 
activated T cells triggered to lyse tumor target cells by cross-linking 
of CD3 on their surface. Furthermore, we have utilized T cells from 
both gld mice and mice gene-targeted for perforin (pfpko). Activated 
T cells from pfpko mice were very effective in lysing the murine 
renal cancer Renca in long-term (16-18hr) cytotoxicity assays. Part 
of the lysis by T cells from pfpko mice was due to Fas-mediated 
killing. However, in contrast to FasL-mediated killing, this lysis was 
not completely blocked by the caspase inhibitor zVAD-FMK. To 
further investigate this lytic mechanism, we generated activated T 
cells from gld x pfpko mice. Activated T cells from these mice could 
lyse a variety of tumor targets including Renca, YAC, and P815, in 
long-term cytotoxicity assays, yet no lysis was seen in short-term (4- 
6hr) assays. This lysis by gld x pfpko T cells was not efficiently 
inhibited by zVAD-FMK which often blocks "death-receptor" 
mediated killing. Furthermore these tumor cells were insensitive to 
TNF or recombinant human TRAIL. This data suggests that T cells 
can use an alternative mechanism to lyse certain tumors, which is 
perforin, TNF, FasL, and TRAIL independent, and does not seem to 
involve caspase signaling in target cells. 

243 
HUMAN AND MURINE CELLULAR MODELS FOR 
CASPASE INDEPENDENT DEATH INDUCED BY TNF OR 
dsRNA. M. Kalai, G. Van Loo, G. Denecker, D. Vercammen, P. 
Vandenabeele. Laboratory of Molecular Biology, Flanders 
Interuniversify Institute for Biotechnology and University of Ghent, 
B-9000 Ghent, Belgium 

Cellular death induced by double stranded RNA with or without 
pre-treatment with interferon is usually described as apoptosis and 
was often shown to be inhibited by caspase-inhibitors We have 
recently reported that murine L929 fibrosarcoma cells treated with 
TNF die in a necrotic way. Furthermore, stable over-expression of 
the viral serpin-like caspase inhibitor CrmA in these cells renders 
them much more sensitive to TNF-mediated death. Treatment of 
L929 cells with poly(l;C) or type I or II interferon alone is hardly 
cytotoxic. However, pre-treatment with interferon followed by 
poly(I;C) is highly cytotoxic. Although the dying cells have necrotic 
morphology, their death is independent of endogenously produced 
TNF since their survival is not affected by antagonistic antibodies 
directed against murine TNF. Furthermore, L929R1 mutant cells 
that lack TNF receptor and are resistant to TNF cytotoxicity still die 
when pre-treated with interferon and challenged with poly(!;C). 
Interestingly, L929 cells over-expressing CrmA are more responsive 
to the cytotoxic effect of the combination of interferon and poly(l;C) 
than the parental cells. We obtained similar results with human 
leukemic T lymphoma Jurkat cells. These cells die by anti-Fas or 
po!y(l;C) treatment. Their response to the latter is enhanced by pre- 
treatment with type 1 or II interferon. However, they are resistant to 
TNF cytotoxicity. Interestingly, a variant clone derived from these 
cells which over-expresses Bcl-2 and is caspase-8 deficient is much 
more sensitive to TNF and to poly(l;C) mediated cell death than the 
parental cells, demonstrating again a caspase independent cellular 
death mode. 

244 
MOLECULAR MECHANISMS INVOLVED IN THE 
LITHIUM-INDUCED SENSITIZATION OF TUMOR CELLS 
TO TNF-INDUCED APOPTOSIS. Rudi Beyaert and Peter 
Schotte, Dept. Mol. Biol., University of Gent - VIB, Belgium. 

Lithium salts are widely used in psychiatry for the treatment 
of manic depressive disease states. We previously demonstrated 
that lithium could sensitize tumor cells to the cytotoxic effect of 
TNF in vitro and in mouse tumor models. The molecular 
mechanism which is responsible for the TNF-sensitizing effect 
of lithium is still unclear. We now demonstrate that LiCl 
considerably increases the TNF-induced activation of caspases 
in KYM cells. This was associated with a 200-fold increase in 
TNF-induced apoptosis, whereas LiCl as such had no effect. 
Pretreatment of cells with the broad spectrum caspase inhibitor 
zVAD.fmk or the caspase-3 like inhibitor zDEVD.fmk 
completely abolished TNF+LiCl induced apoptosis, whereas 
the caspase-1 like inhibitor Ac-YVAD.cmk was only partially 
protective. Similar results were obtained in several other cell 
lines although the relative protection by the different caspase 
inhibitors was cell Mne dependent. Mitochondria are believed to 
contribute to the induction of caspase activation and apoptosis 
by releasing cytochrome c. LiCl was found to increase also the 
TNF-induced release of cytochrome c, before any detectable 
activation of apoptosis. This was associated with an increased 
proteolytic activation of caspase-3 and caspase-8. In contrast to 
TNF-induced apoptosis, TNF-induced activation of NF-KB was 
not modulated by lithium. Moreover, cell death induced by 
etoposide, staurosporine or anti-Fas treatment was also not 
affected by lithium. The above observations suggest that 
lithium increases the apoptotic effect of TNF by acting at an 
early point during the TNF-initiated signalling pathway. 
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INTERLEUKIN(IL)-7 INDUCES RAPID ACTIVATION 
OF PYK2 WHICH IS BOUND TO JAK 1 AND IL-7Ra 
N. Benbernou, K. Muegge and S.K. Durum. SAIC and 
LMI, National Cancer Institute, Frederick MD. 21703. 

IL-7 receptor signaling begins with activation of the 
tyrosine kinases Jakl and Jak3, which are associated 
with the receptor complex. To identify potential targets 
of these kinases, we examined Pyk2 (a member of the 
focal adhesion kinase family) using an IL-7-dependent 
murine thymocyte line, Dl. We demonstrate that 
stimulation of Dl cells by IL-7 rapidly increased 
tyrosine phosphorylation and enzymatic activity of 
Pyk2, with kinetics slightly lagging that of Jakl and 
Jak3 phosphorylation. Conversely, IL-7 withdrawal 
resulted in a marked decrease of Pyk2 
phosphorylation. Pyk2 was found to be physically 
associated with Jakl prior to IL-7 stimulation, and to 
increase its association with IL-7Ra chain following 
IL-7 stimulation. Pyk2 appeared to be involved in cell 
survival, since antisense Pyk2 accelerated the cell 
death process. Activation of Pyk2 via the muscarinic 
and nicotinic receptors using carbachol, or via 
intracellular Ca++ rise using ionomycin/phorbol 
myristate acetate, promoted survival in the absence of 
IL-7. These data support a role for Pyk2 in coupling 
Jak signaling to the trophic response. 

TRANSIENT INFILTRATION OF NEUTROPHILS INTO 
THE THYMUS IN ASSOCIATION WITH APOPTOSIS 
INDUCED BY WHOLE BODYX-IRRADIATION. Y, 
KOBAYASHI. E. UCHIMURA, N. WATANABE, 0. NIWA 
and M. MUTO, Univ.Toho, Funabashi 274-8510, 
Kyoto Univ., Kyoto 606-8501 and National Institute of 
Radiological Sciences, Chiba 263-8555, JAPAN. 

Generally, the process of apoptosis does not cause 
leakage of noxious cytosolic contents and is therefore 
non-inflammatory. However, as previously shown, 
macrophages ingesting apoptotic CTLL-2 cells 
produced pro-inflammatory cytokines, in particular, IL-8 
and MIP-2, amurine IL-8 homologue (BBRC 239, 799, 
1997; Jl 161, 6245, 1998). This predicted that rapid 
and massive apoptosis may induce neutrophil 
accumulation in vivo. In this study, we tested this 
prediction by inducing apoptosis by whole body X- 
irradiation in mice. After exposure to 4 GyXray 
irradiation, mice exhibited considerable apoptosis of 
thymic cells, which was associated with transient 
infiltration of neutrophils as well as MIP-2 mRNA 
expression. In contrast, in p53-deficient mice, in which 
irradiation-induced apoptosis was suppressed as has 
been reported, infiltration of neutrophils into the 
thymus was also suppressed to asimilarextent. Taken 
together, these results suggest that massive and rapid 
apoptosis can result in infiltration of neutrophils. 

247 248 
THE NEUTROPHIL CHEMOATTRACTANT GCP-2 
SELECTIVELY 
ANTAGONIZES THE INTERACTION OF 
IP10 WITH CXCR3 Y. WENG, M. Slaruch, L. Malkowitz, 
M. Soares, S. Gould, A Sirotina-Mcishcr, 
S. Siciliano, M. Springer and J. DcMartino Merck Research Labs., Dcpt. 
Molecular Pharmacology/Immunology & Rheumatology,  Rahway,  NJ 
07065 

IPIO, MIG and I-TAC arc three intcrferon-induciblc CXC chcinokines thought 
to he responsible for the recruitment of activated T and NK cells to sites of 
inflammation by virtue of their common ability to bind to and activate CXCR3, a 
G-protein coupled receptor (GPCR) expressed on these cell types. Additional 
biological properties have also been ascribed to 1PI0, including the ability to block 
the signal transducing properties of other GPCRs to which CXC chcinokines bind 
with high affinity. For instance. IP 10 potently inhibits the in vitro and in vivo 
angiogenic activity mediated by CXCRI/2 ligands IL-8 and GCP-2 on cndolhelial 
cells. IPI0 also inhibits the constitutive signaling of Kaposi's Sarcoma-associated 
Hcrpesvirus GPCR. a property it shares with CXC chemokine SDF-1 ■, but 
interestingly not with MIG. We asked if this was a reciprocal phenomenon , ic if 
CXC chcinokines other than MIG or l-TAC could block the interaction of IP10 with 
CXCR.1. We found that the neutrophil chcmoaltraclanl GCP-2. but not 11.-8. a 
closely related clteniokinc with similar biological properties, potently competes for 
the binding of radiolaheled IPIO to CXCRil receptors on transacted RBL (rat 
basophil leukemia) cells and activated human T-cclls. Furthermore. GCP-2 does 
not induce the activation of CXCR3 expressing cells, but blocks IPlO-induced 
chemolaxis and calcium mobilization. Surprisingly, the antagonism of GCP-2 is 
selective for IP10 as GCP-2 docs not inhibit the ability of MIG or l-TAC to bind to 
or activate CXCR3 expressing cells. Using GCP-2 as a radioligand. we explored the 
mechanism of GCP-2 inhibition of IPIO binding and function, and determined that 
GCP-2 binds with high potency not to CXCR3, but to a cell surface receptor on 
Iransfccled and unlransfccled RBL cells which is pharmacologically dislincl from 
the GCP-2 receptors characterized to date. Thus, our data suggest that the 
interaction of GCP-2 with a novel cell surface receptor leads to cooperative and 
selective displacement of IPIO from CXCR3. These Undings demonstrate one way 
in which the apparent promiscuity of the chemokine/ chcinokine receptor system 
may be biologically manipulated in order to confer non-redundant roles on 
individual chcinokines. 

LYMPHOID  TISSUE   HOMING   CHEMOKINES  ARE 
EXPRESSED IN CHRONIC INFLAMMATION. 
N, H. RUDDLE. J. Fjell, R. Sacca, C. Cuff, and, P. 
Hjelmstrom, Yale Univ. Sch. Med., New Haven CT 06520 

Secondary lymphoid tissue chemokine (SLC) and B 
lymphocyte chemoattractant (BLC) are homing chemokines 
that have been implicated in the trafficking of lymphocytes 
and dendritic cells in lymphoid organs. Lymphotoxin-ct 
(LTa), a cytokine crucial for development of lymphoid 
organs, is important for expression of SLC and BLC in 
secondary lymphoid organs during development. Here we 
report that transgenic expression of LTa induces ectopic 
expression of SLC and BLC in the adult animal. LTß was not 
necessary for induction of BLC and SLC, whereas, in 
contrast, TNFR1 was found to be important for the LTa 
mediated induction of these chemokines. The expression of 
LTa is associated with a chronic inflammation that closely 
resembles organized lymphoid tissue and this lymphoid 
neogenesis can also be seen in several chronic inflammatory 
diseases, including in the pancreas of the prediabetic nonobese 
diabetic (NOD) mouse. Expression of SLC protein was also 
observed in the pancreas of prediabetic NOD mice. This study 
implicates BLC and SLC in chronic inflammation and 
presents further evidence that LTa orchestrates lymphoid 
organogenesis both during development and in inflammatory 
processes. 
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IFN-y attenuates IL-2 induced CXCR3 function in primary 
human lymphocytes: Implications for Thl responses. 
Venugopai Gangur*, Ji-Ming Wang*, Wanghua Gong1, 
Howard A. Young5 and Joost J. Oppenheim* *Laboratory 
of Molecular Immunoregulation, laboratory of 
Experimental Immunology, National Cancer Institute, 
!lntramural Research Support Program, SAIC, Frederick, 
Maryland 21702-1201. 

Since IFN-y is a potent inducer of IP-10,1-TAC and 
MIG, we examined the impact of this prototypic type-1 
cytokine on CXCR3, the receptor for these CXC 
clicmokinos. Coculturc of IL-2 stimulated human primary 
lymphocytes with IFN-y unexpectedly abrogated 
lymphocyte ehemotaxis to these agonists in a dose and time 
dependent manner. This inhibitory effect of IFN-y was not 
due to the loss of intrinsic migration ability of lymphocytes 
per se. Ligand binding experiments using [' 5I]IP-10 
indicated that IFN-y almost completely abolished the IL-2 
induced specific binding sites for IP-10 on lymphocytes. 
Flow cytometry analyses using an anti-CXCR3 mAb 
indicated depletion of CXCR3. In contrast, analysis by 
ribonuclease protection assay indicated no significant effect 
of IFN-y on CXCR3 mRNA level. The receptor was not 
merely down regulated by ligands since neutralizing 
antibodies to CXCR3 agonists (IP-10 and MIG) did not 
reverse the effect of IFN-y, whereas I-TAC is not known to 
be produced by lymphocytes. Based on these data, we 
propose that responsiveness to IFN-y may play a key role in 
retention of lymphocytes in Thl-dominated inflammatory 
sites by modulating CXCR3 function. 

250 
INTERACTION OF RECEPTOR BINDING EPITOPS OF IL-6 
TYPE CYTOKINES: THE SPECIFITY OF SITE III 
DEPENDS ON SITE I 
KALLEN. K.-J.. Aasland, D., Grötzinger, J., Galle, P.R.G., Gascan, 
H., Rose-John, S. 
I. Medizinische Klinik, Universtität Mainz; Institut für Biochemie, 
RWTH Aachen, Germany; INSERM Unit CHU Angers, France 

Four helical bundle cytokines of the IL-6 family have a modular 
architecture. With site 1 they may bind to specific a-receptor, whereas 
sites II and III are responsible for signal induction by formation of 
either a gpl30 homodimer (IL-6, IL-11) or a gpl30/ L1F receptor 
(I.IFR) hcterodimer (LIF, OSM, CNTF, CT-1). OSM, but none of 
Ihe oilier family members, can additionally signal via a hciterodinier of 
gpI30 and the specific OSMRß. 
On CNTF the site III L1FR binding epitope consists of the C-terminal 
A-helix/ N-terminal AB-loop, the BC-loop and the N-terminal CD- 
loop/ C-terminal D-helix. We have recently created a new designer 
cytokine, by exchanging the site III LIF receptor binding epitope of 
CNTF with the corresponding gpl30 binding epitope of IL-6. The 
resulting IL-6/ CNTF hybrid cytokine, termed IC7, binds to the 
specific IL-6 a-receptor, but like CNTF induces a signalling gpl30/ 
LIFR heterodimer via its CNTF module (site III) which is responsible 
for LIFR binding. It is inactive on cells only expressing the IL-6 o- 
receptorandgpl30. 
Surprisingly, however, IC7 can illicit a signalling heterodimer of 
gpl30 and OSMRß upon binding to the IL-6 receptor. In contrast, 
CNTF bound to theCNTFRa does not induce signalling via gpl30 
and OSMRß, although at the same concentrations of CNTF and 
CNTFRa optimal cellular responses via gpl30 and LIFR are 
achieved. This suggests that an identical receptor binding epitope 
(here site III) can change its specificity depending on the receptor 
bound to site I. Thus, the a-receptor binding to the cytokine site I is 
not just a docking site, but may strongly influence the specificty of IL- 
6 type cytokines. 

251 
CYTOMEGALOVIRUS HARBORS ITS OWN UNIQUE IL-10 
HOMOLOG. S.V. KOTENKO. L.S. Izotova, S. Saccani, O.V. 
Mirochnitchenko and S. Pestka. Dept. of Molecular Genetics & 
Microbiology, UMDNJ-Robert Wood Johnson Medical School, 
Piscataway, NJ 08854-5635, USA. 
IL-10 is a powerful immunosuppressor and anti-inflammatory agent. 

Many hematopoietic and solid tumors express IL-10. The presence of 
IL-10 at the host-tumor interface helps tumors to survive immune 
surveillance by inhibiting cell-mediated immunity. It is no surprise that 
viruses utilize the same strategy to protect virus-infected cells from 
immune defenses and thus enhance, survival of virus and virus-infected 
cells in the host. Two herpes viruses capable of infecting humans 
harbor homologs of IL-10. Epstein Barr virus (EBV) encoded IL-10 
was the first viral DL-10 (vL-10 or ebvIL-10) cloned. ebvIL-10 shares 
many but not all of the biological activities of cellular IL-10 (cIL-10) 
and may play an important role in the host-virus interaction. In 
addition to EBV, another virus, the Orf poxvirus (OV), has its own IL- 
10 homolog (ovIL-10). vIL-10s demonstrate more than 85% identity 
to human IL-10. We have discovered that another herpes virus, 
cytomegalovirus (CMV), encodes its own IL-10 homolog, designated 
cmvIL-10. We demonstrated that cmvIL-10 binds to the human IL-10 
receptor complex and competes with human IL-10 for receptor binding 
sites despite the fact that these two proteins have minimal homology 
(27% identity). We also demonstrated that cmvIL-10 requires both 
subunits of the IL-10 receptor complex to induce signal transduction 
events and biological activities. Moreover, cmvIL-10 is able to induce 
signal transduction in peripheral blood mononuclear cells. Although 
the sequence of the entire CMV genome has been known since 1990, 
because of the minimal homology between cmvIL-10 and IL-10, this 
homolog of IL-10 was not previously recognized as such. 
Furthermore, the structure of the cmvIL-10 gene is unique. The gene 
retained two of four introns of the IL-10 gene, but the length of the 
intions was reduced. In conclusion, we have identified a unique 
homolog of IL-10 encoded by the CMV genome. 

252 
CELLULAR     DISTRIBUTION     OF     A     BINDING 
PARTNER FOR CLF-1. 
Greg C.A. Elson, Amelie Benoit de Coignac, Jean-Yves 
Bonnefoy and Jean-Francois Gauchat. 
CIPF, 74164 St. Julien-en-Genevois, France. 

The recently identified soluble protein cytokine-like factor 1 
(CLF-1) shares significant homology with the type-I cytokine 
receptor family. This has lead to speculation that CLF-1 is 
either a soluble ligand binding chain of a cytokine receptor 
complex or a component of a heterodimeric cytokine. CLF-1 
is extremely highly conserved, suggesting that the protein has 
an important physiological function. This is supported by the 
observation that CLF-1 knockout mice failed to survive after 
birth. Three forms of CLF-1 are known to exist in the mouse, 
containing C-terminal variations generated by alternative 
splicing. By database screening and RT-PCR, we have 
identified 4 forms of hCLF-1, also varying at the C-terminus 
and being generated by alternative splicing. In an attempt to 
further characterize this novel protein, we first studied its 
mRNA tissue distribution and saw highest expression in adult 
aoita, placenta, brain, heart and skeletal muscle. In the 
developing foetus, strongest expression was seen in the lung. 
Extending this study to cell lines, we saw expression of CLF- 
1 in a number of tumour derived lineages. Using a CLF-1-Fc 
homodimeric recombinant fusion protein a CLF-1 binding 
partner was detected on a number of different cell lines and 
could be upregulated on certain primary immunocompetent 
cells. It is therefore tempting to speculate that a CLF-1 
homodimer is capable of binding specifically to the 
appropriate receptor, similar to IL-12 p402 binding to IL-12R 
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CYTOKINE DISREGULATION IN THE 
RHEUMATOID SYNOVIUM: MECHANISMS OF TNFo 
REGULATION AND DISEASE CHRONICITY 
M.   Feldmann.   F.M.   Brennan,   J.   Bondeson   and   B.M.J. 
Foxwell. Kennedy Institute of Rheumatology, London. U.K. 

In a local inllammatory disease, the tissue provides an 
admirable tool for studying disease pathogenesis. We have 
used it lo define TNFa as an effective target for therapy in 
rheumatoid arthritis, so subsequently we turned our attention 
to the mechanism of TNF over production in RA. This was 
studied at the molecular level, using adenoviruses. An 
adenovirus over expressing IKBC< was found to inhibit TNFa 
production by 70%, as well as many other proinflammatory 
cytokines melalloproteinases, but not the anti-inflammatory 
cytokines or TIM P. suggesting that local blockade of NFKB 
might be very useful in RA. At the cellular level we have 
studied the activation of synovia! macrophages, the cells 
producing most of the TNFa. Spontaneous synovial TNFa 
production was not blocked by neutralizing antibodies to 
many cytokines, it was by T cell removal. RA T cells co- 
cultured with fresh monocytes were able to induce TNFa, 
verifying their role in TNFa induction. Comparing the RA T 
cell phenolype with that of T cells activated via the TCR, or 
by a cocktail of cytokines, revealed that RA T cells resemble 
eytokinc activated T cells, by a number of criteria. This 
suggests that a vicious cycle of 'bystander' activated T cell- 
macrophagc interactions is at the heart of the disregulated 
cytokine network in RA, and could be a new target for therapy 

MOLECULAR CLONING OF A NOVEL MACROPHAGE- 
DE RIVED CYTOKINE (SMAF-1) AND ITS EVIMUNO- 
MODULATING CAPACITIES. 
/.. Fransen, P. De Baetselier1, L. Nelles2, W. Deleersnijder, L. Brijs', 
K. Devos, F. Bosnian, MA. Buyse, D. Huylebroeclc, E. Sablon, A. 
Van De Voorde andH. Van Heuverswijn. 
Iruiogenetics, Industriepark 7 box 4, B-9052 Ghent, Belgium. 'Dienst Cellulaire 
Immunologie, IMOL II, VUB, Brussels, Belgium. 2Dept. cetl Growth, Differentiation 
and Develop, Flanders Interuniversity Institute for Biotechnology, Leuven Belgium. 

A new macrophage-derived cytokine (SMAF-1) with the ability to 
down-regulate Till (and possibly also Th3)-Iike responses was 
isolated by plus-minus hybridization of an LPS-induced PU5.1.8. 
mouse inonocytic cDNA library. The full-size human and mouse 
cDNAs of this suppressive macrophage associated factor (SMAF-1) 
were cloned from the mRNA of in w'/ro-activated human (THP-1) or 
mouse (PU5.1.8.) macrophage cell lines and code for a protein of 
311 amino acids sharing 77.4% homology. SMAF-1 gives rise to a 
secreted mature protein of 30 kDa. No homology exists between 
known database sequences and the primary structure. However, we 
were also able to identify a related family member (SMAF-2). 
SMAF-1 is mainly produced by macrophages and can be up- 
rcgulated by Th2 cytokines (IL-4, IL-10) and down-modulated by 
Thl cytokines (IFN-y, TNF-a). 

C57/BL6 SMAF-1-deficient mice demonstrated a clear bias 
towards a Thl (and possibly also a Tli3)-like response when 
challenged with different antigens as reflected in the higher IgG2a 
(and IgA) levels in serum and IFN-y production. Moreover, in wild- 
type mice, the antigen-induced IFN-y response was reversed upon 
co-injection with immunoaffmity-purified recombinant mouse 
protein. Collectively, the data point to a new and important 
immunoregulatory role of SMAF-1 in the down-regulation of Thl 
type responses. 
Sponsored by 1WTgrants 940054 and 970228. 

255 
1L-7 WITHDRAWAL INDUCES A RAPID RISE IN INTRA- 
CELLULAR pH CAUSING: A) BAX TRANSLOCATION TO 
MITOCHONDRIA AND B) TRANSIENT MITOCHONDRIAL 
HYPER-POLARIZATION. A. KHALED. K. Kim, K. Muegge 
and S.K. Durum, National Cancer Institute, Frederick, MD, 21702 

256 
AN INTERFERON-INDUCED PROTEIN OF THE BCL-2 
FAMILY HAS TWO INDEPENDENT ACTIVITIES: IT 
PROMOTES APOPTOSIS AND SYNTHESIZES 2-5 (A). 
G.C.Sen. A.Ghosh and S.N. Sarkar, Dept. of Mol. Biology, Lerner 
Res. Inst., Cleveland Clinic Foundation, Cleveland, OH 44195 

During T lymphocyte development, IL-7 functions as a trophic 
factor by an unknown mechanism. Here we report a novel process 
by which IL-7 withdrawal activates the pro-death protein Bax and 
produces a transient hyperpolarization of the mitochondrial inner 
membrane. Following IL-7 withdrawal from a dependent cell line, 
intracellular pH rose steadily within the first hours of cytokine 
withdrawal, peaking over pH 7.8 before returning to neutrality (a 
similar alkalinization was observed following IL-3 withdrawal 
from a dependent cell line). Intracellular acidification occurred 
later, 30-40 hours post-cytokine withdrawal. The transient 
alkalinization triggered a conformational change in the death 
protein Bax via positively and negatively charged residues at the 
N- and C-termini, exposing hydrophobic domains that targeted it 
to mitochondrial membranes, initiating the apoptotic process. Site- 
directed mutagenesis, substituting neutral residues for the charged 
residues at the termini, confirmed the pH dependence of Bax. A 
second consequence of alkalinization was also observed: transient 
hyperpolarization of the mitochondrial inner membrane, an effect 
blocked by oligomycin. Therefore, we have shown that cytokine 
withdrawal, perhaps by deregulating membrane ion exchangers, 
prompts a rise in intracellular pH that activates Bax, by changing 
its conformation, as well as inducing a transient hyperpolarization 
of the mitochondrial membrane, leading to apoptotic death. 

Interferon induces the synthesis of many proteins through which 
it mediates its various cellular functions. Among them are the 
enzymes, 2-5 (A) synthetases, which, in combination with RNase 
L, cause RNA degradation in virus infected cells. Here, we report 
that 9-2, a specific isozyme of 2-5 (A) synthetase cloned in our 
laboratory, has a direct cell-killing activity. Expression of 9-2 in 
human and mouse cells caused apoptosis as monitored by TUNEL 
assay, DNA laddering, FACScanning for hypodiploidy, Caspasc 
activation and PARP cleavage. Surprisingly, an enzymatically 
inactive mutant of 9-2 was equally proapoptotic. Among the many 
isozymes of 2-5 (A) synthetases, only 9-2 had the cell-killing 
activity. Even 3-9 and E-18, two other isozymes, which, along 
with 9-2 are produced from same primary transcript by alternative 
splicing, lacked the proapoptotic effect. This was due to the unique 
C-terrninal of 9-2 that was shown to contain a Bcl-2 Homology 
Domain 3 (BH3). Cellular apoptosis is known to be regulated by 
interactions among the pro and anti-apoptotic members of the Bcl-2 
family of proteins. Like other proteins which contain the BH3 
domain, 9-2, but not 3-9, interacted with Bcl-2 and Bcl-XL, the 
cellular anti-apoptotic proteins. Point mutations in the BH3 
domain of 9-2, which disrupted this interaction, also abolished its 
cell killing activity without affecting its enzyme activity. Thus, we 
have identified 9-2 as a unique dual-function protein: it has 2-5 (A) 
synthetase activity in its N-terminal domain and apoptotic activity 
in its C-terminal domain. It is also the first member of the Bcl-2 
family of proteins that is known to be interferon induced. 
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MOUSE y c MUTANTS WITH IMPAIRED BINDING OF 
IL-2, IL-4, AND IL-7. F. Olosz and T. R. Malek, University of 
Miami School of Medicine, Miami, FL 33101. 

The common y chain (yc) is a shared subunit of the IL-2, IL-4, 
IL-7, IL-9, and IL-15 receptors that plays a critical role in 
cytokine signaling, and also acts as a modulator of cytokine 
binding. The aim of our study was to identify regions of the yc 
ectodomain that are required for the upregulation of ligand 
binding in the heterodimeric IL-2, IL-4, and IL-7 receptors. For 
this, we carried out a detailed alanine scanning mutagenesis study 
of putative ligand binding regions in the mouse yc extracellular 
domain, based on predictions of recently published theoretical 
models of yc^ntaining receptors. Mutant yc variants were 
transiently coexpressed with other subunits in COS7 cells, and 
studied for expression, mAb binding, and the ability to enhance 
the binding of radiolabeled cytokines. We found that at least three 
loops of the yc ectodomain contain sites that are important for 
IL-2, IL-4, and IL-7 binding, and that the cytokines likely interact 
with overlapping regions of yc. The epitope of the antagonistic 
TUGm2 mAb has been mapped to the same area. This putative 
regulatory region contains a tyrosine that is homologous to an 
important ligand binding site in the growth hormone receptor, and 
two cysteines that appear to be important for both yc stability and 
cytokine binding. We propose that a hypothetical disulfide bond 
between these cysteines may be required for maintaining the 
functional conformation of yc. 

258 

EFFICIENT INTERNALIZATION OF IL-2 DEPENDS 
UPON THE DISTAL PORTION OF THE CYTOPLASMIC 
TAIL OF THE IL-2R y c SUBUNIT AND A LYMPHOID 
CELL ENVIRONMENT. A.-X. Yu andT. R. Malek. University 
of Miami School of Medicine, Miami, FL 33101. 

An early consequence of IL-2/IL-2R interaction is rapid 
receptor-mediated endocytosis of the receptor-ligand complex. In 
the present study, we establish that this rapid endocytosis of IL-2 
in a T cell tumor line is dependent upon the cytoplasmic tail of 
y c. Deletion mutants of the cytoplasmic tail mapped this activity 
to die carboxyl 40 amino acids of yc which contain an essential 
Iak3 binding subdomain. In contrast, ligand-independent 
constitutive endocytosis of yc occurred more slowly and was 
dependent upon a more membrane proximal region of the 
cytoplasmic tail of yc. Thus, this receptor subunit may use 
distinct sorting signals for its constitutive regulation and ligand 
endocytosis. Rapid endocytosis of IL-2 was inhibited by the 
tyrosine kinase inhibitor geneistein, implicating a role for a signal 
transduction pathway in IL-2 intemalization. Inefficeint 
endocytosis of IL-2 was noted after transfection of the COS7 
epithelial cell line with the IL-2R and further reconstitution of 
these cells with Jak/STAT proteins did not enhance this 
intemalization. Collectively, these latter findings indicate that 
rapid endocytosis of IL-2 is dependent upon cellular signaling in 
lymphoid cell environment that is not solely a consequence of the 
presence of the Jak/STAT pathway. 

259 
INTERLEUK3N-1 GENES AND ARTERY DISEASE. 
Gordon Duff, Martin Nicklin, Julian Sorrel, Franco diGiovine, 
Univ of Sheffield; Peter Berger, Mayo Clinic; Katherine 
Stephenson, Ken Komman, Inteileukin Genetics Inc; James 
Pankow, James Beck, Steve Offenbachcr (APJC), Univ of North 
Carolina. 

Immuno-inflammatory responses play a significant role in 
coronary artery disease (CAD) with inflammatory cells and 
mediators characterising every stage of the development and 
progression of atherosclerosis. Interleukin-1 (IL-1) is one of the 
main cytokines involved in the regulation of immuno-inflammatory 
responses and we tested the hypothesis that genetic polymorphism 
of the IL-1 cluster contributes risk of CAD. We have now 
completed multiple gene frequency studies involving over 3,000 
patients. The results indicate that specific IL-1 gene 
polymorphisms are significantly associated with cardiovascular 
disease. Genotypes of the IL-1 cluster were associated with 
increased risk for coronary artery stenosis, as measured 
angiographically. In addition these studies revealed a significant 
interaction of IL-1 cluster genotype with cholesterol, producing an 
increased risk for CAD. The polymorphisms in the EL-l gene 
cluster have been further shown to be associated with increased 
carotid arterial intimal-medial wall thickness which reflects the 
development and progression of atherosclerosis and is a predictor 
of CAD. Disruption of the IL-1 receptor antagonist gene in mice 
demonstrated a patho-physiological role for EL-l in the majo- 
arteries. These knockouts displayed excess mortality compared 
with wild-type and had striking mononuclcar cell inflammatory 
infiltrates in mid- and large-sized arteries. Many of the 
homozygous knockouts died of aneurysms, indicating extensive 
destruction of extracellular matrix in the arterial wall. The clinical 
findings in patient populations along with the animal data suppor t 
a substantial role of the DL-1 gene cluster in arterial disease, 
including CAD, and EL-l genotypes may be useful predictors of 
disease risk in humans. 

260 
NORMAL HOMEOSTASIS, LACK OF AUTOIMMUNITY, 
BUT SEVERELY IMPAIRED IL-2R FUNCTION BY 
MATURE T CELLS AFTER THYMIC EXPRESSION OF 
THE IL-2R ß CHAIN IN IL-2R ß-DEFICIENT MICE. T. 
R. Malek, B. O. Porter, E. K. Codias, P. Scibelli, and A.Yu. 
University of Miami School of Medicine, Miami, FL 33101. 

The importance of IL-2R ß function for immune regulation is 
highlighted by the severe impairment in lymphoid cell function in 
IL-2R ß-deficient mice. It has been speculated that failed 
IL-2/IL-2R signaling in peripheral T cells causes the associated 
autoimmunity, unbalanced peripheral lymphoid homeostasis, and 
defective T cell function. This study explored the function of 
IL-2R ß in thymoc3'tes by thymic-specific IL-2R ß transgene 
expression in IL-2R ß-deficient mice. We show that enforced 
thymic expression of IL-2R ß prevents lethal autoimmunity, 
restores normal production of B lymphocytes, and results in a 
peripheral T cell compartment that is responsive to triggering 
through the TCR, but not the IL-2R. The dysfunction of the 
IL-2R is illustrated by the near complete failure of mature T cells 
to proliferate to IL-2, to differentiate into CTL, and to upregulate 
IL-2R a expression. These data indicate that lymphoid 
homeostasis is maintained despite a non-functional IL-2R in 
mature T lymphocytes and suggest that IL-2R ß provides an 
essential signal during thymic development to regulate 
self-reactivity. 



AUTHOR-ABSTRACT INDEX 

Aasland, D., 30, 250 
Abe, R., 47 
Abraham, L.J., 80 
Abramov, V., 39, 40, 42 
Abrate, S., 31 
Abu-shakra, M., 137 
Agarwal, A., 121 
Agnello, D., 234 
Albani, D., 167 
Alimzhanov, M.B., 227 
Allan, S.M., 158 
Allavena, P., 98,102,175 
Alouani, S., 16 
Alpert, D., 91 
Al-Sakkaf, K.A., 65 
Ameye, G., 230 
Amichay, D., 101 
Amiot, F., 141 
Anderson, A.O., 227 
Anderson, M., 228 
Andersson, J., 194 
Andersson, U., 226 
Angel, J.B., 195 
Angoli, M., 194 
Apte, R., 13, 56, 169, 239 
Arastu, H., 10 
Arend, W.P., 168 
Argov, S., 169 
Ariel, A., 48 
Arntz, O.J., 164 
Aucoin, S., 6, 195 

Balkwill, F.R., 25 
Ballas, K., 82 
Barak, V., 59, 145 
Barna, B.P., 3 
Barnett, G.H., 3 
Barral, A.,219 
Barral-Netto, M.,219 
Bartfai, T., 159 
Barton, B.E., 220 
Barton, J.L., 49, 222 
Beadling, C, 66 
Beausang, LA., 51, 52, 214 
Beck, J., 259 
Behbahani, H., 194 
Beleznay, Z., 172 
Beliaeva, I., 136 
Bellone, G., 31 
Belvedere, O., 53, 231 

Ben-Asouli, Y., 107 
Benbernou, N., 245 
Bendele, A.M., 139 
Benharroch, D., 13,239 
Ben-lshay, Z., 145 
Benoit de Coignac, A., 252 
Berberich, I., 83 
Berger, P., 259 
Bergman, M., 74 
Bernard, J., 33 
Bernasconi, S., 115 
Bernhagen, J., 200 
Bertazzoni, U., 131 
Berzofsky, J.A., 119 
Beyert, R., 244 
Bianchi, G., 102 
Bianchi, M., 167 
Bickel, M., 172 
Billiau, A., 134 
Bjorkdahl, O., 13, 239 
Blanchard, F., 36 
Blanchard, M., 192 
Blasi, E., 159 
Blazer, B.R., 242 
Blinn, G., 201 
Boekhoudt, G.H., 15 
Boiko, A., 136 
Boisteau, O., 33, 73 
Bolgos, G., 99 
Bondeson, J., 253 
Bonecchi, R., 98, 171 
Bonnefoy, J.-Y., 252 
Bonner, J., 67 
Bosisio, D., 175 
Bosman, F., 254 
Boss, J.M., 14 
Bottazzi, B., 159 
Bovolenta, C, 68 
Bowie, A.G., 1, 92 
Bowne, W.B., 14 
Bowser, B.S., 26 
Brandt., C, 2 
Brandt, E., 22 
Brazer, W., 128 
Bream, J.H., 120 
Brennan, F.M., 253 
Brewer, B., 184 
Brijs, L, 254 
Brooks, A.D., 242 
Brooks-Asplund, E., 207 
Brown, B.L., 65, 79 

Brown, E.A., 119 
Brunner, F., 60 
Brunner, H., 200 
Bruno, A., 167 
Bucala, R., 47 
Budagyan, V., 95 
Buglak, A., 136 
Buhrow, L, 179 
Bulanova, E., 95 
Bulfone-Paus, S., 95 
Burger, D., 161 
Burns, CA., 51,52, 214 
Buser, R., 16 
Busfield, S., 205 
Buyse, M.A., 254 
Bykovskaia, S.N., 228 

Cahalon, L.,48, 177 
Cagnano. E., 239 
Calemine, J., 81 
Call, D., 99 
Cameron, D.W., 195 
Cannon, J.G., 207 
Cao, Z., 77 
Carbone, A., 31 
Carrington, M., 120 
Cartmell, T., 208 
Casey, L, 199 
Casoli, C, 131 
Cattaneo, E., 131 
Center, D., 128 
Chang, J.-H., 23 
Chaimovitz, C, 138 
Chaly, Y., 97 
Chen, C.-YA, 110 
Chen, Q., 228 
Chen, S., 225 
Chen, X., 160 
Chemovskaya, T., 39, 40, 42, 

50,64, 156 
Chertkova, R.V., 64 
Chertov, O., 228 
Chiba, T., 70 
Chicheportiche, R., 113 
Chickering, T., 205 
Chin, J., 116 
Chizzolini, C, 161 
Chkvatchko, Y., 16 
Chlipala, E.S., 139 
Choi, I., 224 

977 



Christadoss, P., 221 
Christie, K., 10 
Ciancianaini, P., 131 
Cimarelli, A., 131 
Clark, A.R., 111 
Cochrane, E.V., 53 
Codias, E.K., 260 
Cohen, I.R., 177 
Colantoni, A., 183,188 
Comrack, C, 205 
Conklin, D., 2 
Conquet, F., 16 
Creery, W.D., 195 
Cruikshank, W., 128 
Cuff, C, 248 
Cushman, ML, 90 
Czarny, A., 43, 44 

Dagan, R., 59 
Dall'Aglio, P.P., 131 
Daly, B.M., 10, 11,162, 165 
D'Amico, G., 175 
Dandekar, S., 193 
Daugherty, B., 116 
Daun, J.M., 207 
David, D., 196, 197 
Dayer,J.-M., 60,113,161 
De,A.K., 163 
De Baetselier, P., 254 
Decker, M., 71 
DeClercq, E., 24 
De Hooge, A.S.K., 164 
Deleersnijder, W., 254 
De Luca, C, 161 
DeMaria, N., 183 
DeMartino, J.,21,116 
Denecker, G., 243 
Denesyuk, A., 156 
Deng, C, 221 
Den Hartog, M.T., 206 
Denis, S., 73 
DePeters, E., 192 
De Rosa, S.C., 118 
Devos, K., 254 
Dickensheets, H.L., 32,124 
Diaz-Mitoma, F., 6,195 
DiGiovine.F., 259 
Dillon, S., 2 
Dinarello, CA., 34, 46, 56, 

139,150,151,155,166, 
181,232 

Diomede, L, 167 
Di Salvo, J.,21,116 
Di Santo, E., 159 
Dobkin, M., 56 

Dobson, P.R.M., 65, 79 
Dohlsten, M., 13,239 
Dolgikh, D., 50, 64 
Dondero, R.S., 199 
Dong, H.F., 17, 90 
Donnelly, R.P., 32,124 
Doroshenko. T., 97 
Douvdevani, A., 137,138 
Dower, S., 176 
Dower, S.K., 1 
Droller, R., 147 
Du, J., 238 
Du, M., 108,209 
Dubois, S., 33, 73 
Duff, G.W., 222, 259 
Duffner, LA., 183,188, 223 
Dujardin, C, 180 
Dumoutier, L, 230 
Dunlop, N.M., 187 
Dunn, S.L, 69 
Duplomb, L, 36 
Durum, S.K., 129,236,245, 

255 
Dusi, S., 98 
Dvorkin.T., 13,239 

Eaton, E.N., 240 
Eberhardt, W., 23 
Edwards, J.M., 10 
Edwards, M.J., 170 
Edwards, III, C.K., 34, 139 
Ehrhardt, G.R.A., 109 
Eickemeier, S., 106 
Elia, Ü.M., 144 
Elkins, K., 101 
Eisner, T., 84 
Elson, G.C.A., 252 
Emanuele, M.A., 183,188 
Emanuelli, G., 31 
Endo, T., 238 
Erickson, D., 87,213 
Ernst, D.N., 144 
Espina, N., 173 
Estes, M.L, 3 
Evans, E., 225 
Evans, M.J.,10,11 162,165 

Facchetti, F., 98 
Faggioni, R., 181,182 
Falkenberg, F.W., 4 
Fan, G.H., 127 
Fan, W., 66 
Fantuzzi, G., 46,150,151, 

166,168,181,232 

Farber, J., 101 
Farver, C, 179 
Feingold, K.R., 181,182 
Feldman, G.M., 32 
Feldmann, M., 253 
Fenton, M.J.,103, 217, 218 
Femandez-Botan, R., 184 
Fikes, J., 231 
Filion, LG., 132 
Fima, E., 13, 239 
Fisher, C.J., 179 
Fjell, J., 248 
Flad, H.-D., 22 
Flusser, D., 137 
Fontanilla, C, 183,188 
Foster, D., 2 
Foxwell, B.M.J., 253 
Frank, S., 23 
Fransen, L, 254 
Fratelli, M., 234 
Freedman, M.A., 132 
Freiburghaus, K., 172 
Frentzel, S., 19 
Frishman, J.I., 34,150,151 
Fritsch, E., 84 
Fruscella, P., 167 
Fujiki, H., 5, 235 
Fujimoto, M., 38, 94 
Fujiwara, H., 38 

Gabay, C, 168 
Gaddipati, J.P., 81 
Gaestel, M., 110 
Galle, P.R.G., 250 
Gamian, A., 44 
Gangur, V., 249 
Gankovskaya, L.V., 210 
Gankovskaya, O., 40 
Garcia, A., 53 
Garg, S., 99 
Gascan, H., 250 
Gattoni-Celli, S., 119 
Gauchat, J.-F., 251 
Gearing, D., 205 
Gee, K., 6, 195 
Genin, P., 104 
George, L, 192 
Gesser, B., 202 
Ghezzi.S., 68,115,159,234 
Ghosh, A., 256 
Gigley, J., 168 
Giri, J., 53, 231 
Gjorloff Wingren, A., 13, 239 
Goddard, A., 33, 36 
Goldie, L.C., 80 

978 



Golenbock.D.T.,217,218 
Goluszko, E., 221 
Gong, W.H., 28, 187,249 
Gould, S., 21, 116,247 
Graeve, L., 71 
Graham, A., 132 
Graziani-Bowering, G., 96 
Green, L, 99 
Gregory, M.S., 223 
Grene, E., 119 
Grensis, R., 41 
Grigoryan, S.S., 58 
Grinberg, A., 101 
Grishina, L.V., 152 
Gr0nh0j Larsen, C, 202 
Gross, J., 2 
Grötzinger, J., 30, 250 
Grungeld, C, 181,182 
Guesdon, F., 176 
Guesdon, F., 176 
Guilbert, L.J., 203 
Gusev, E., 136 
Guseva, O.A., 58 

Hacahm, M., 169 
Hadaschik, D., 7 
Hall, J.W., 29, 117 
Hall, M.D., 57, 69 
Hambly, K., 2 
Hamilton, T.A., 100 
Hammond, A., 2 
Hammond, E.A., 69 
Han, X., 117 
Han, Y., 18 
Harada, N., 63 
Haribabu, B., 171 
Hattori, T., 70 
Hauser, H., 106 
Hayashi, H., 70 
Heldin, C.-H., 74 
Heinrich, P.C., 71 
Henin, P., 104 
Henzgen, B., 236 
Heremans, H., 134 
Hershkoviz, R., 48,177 
Herzenberg, L.A., 118 
Hess, S., 7 
Heylbroeck, C, 125 
Hubert, D.M., 53, 231 
Hillenbrand, R., 19 
Hiscott, J., 104, 125, 126 
Hjelmstrom, P., 248 
Hoek, A., 180 
Hoezler, D., 72 
Hoflack, B., 36 

Holeberg, G., 8, 9 
Holtmann, H., 110 
Honda, H., 89 
Hoogewerf, A.J., 16 
Horejsh, D., 97 
Houghton, A.N., 14 
Huang, Z., 29,117 
Hughes, D.E., 222 
Huleihel, M., 8, 9, 148, 149 
Hulkkonen, J., 186 
Hunter, C.L., 20 
Hurme, M., 186 
Huyck, H., 75 
Huylebroeck, D., 254 
Hyunjoo, C, 121 

Ikezawa, H., 89 
llatovskaya, LV.,210 
Imbert.V., 113 
Ingelevskaya, T.V., 146 
Insaf, S., 90 
Introna, M., 159 
Inumaru, S., 185 
Isotova, L.S., 251 
Itoh, S., 70 
Iwasaki, A., 101 

Jacobs, B., 3 
Jacques, Y., 33, 36, 73 
Jarosinski, K., 140 
Jarrous, N., 107 
Jefferies, CA., 123 
Jegou, B., 147 
Jenkins, A., 128 
Jiang, S.B., 187 
Jin, H.C., 26 
Johnke, R.M., 10, 11 
Johnston, J., 2 
Jones, P., 194 
Joosten, L.A.B., 141 
Julkunen, I., 54, 62, 86, 212 
Julliard, P., 16 
Junker, U., 236 

Kaempfer, R., 107 
Kahn, A., 201 
Kalai, M., 122, 243 
Kalina, U., 72, 82 
Kalkinen, N., 62 
Kallen, K.-J., 30, 250 
Kamohara, H., 28 
Kang, H.S., 224 
Karlishev, A., 42 

Karlsson, U.L, 10 
Kassiotis, G., 130 
Kastelein, R., 225 
Kato.A., 170 
Kauschat, D., 72 
Kavuru, M.S., 179 
Kawazoe, Y., 38, 94 
Kawka, D., 116 
Kayagaki, N., 143 
Kelsall, B., 101 
Kenney, W.L., 207 
Khaled, A., 255 
Khodyakova, A., 50,156 
Khoroshilova-Maslova, I.P., 

210 
Khromykh, L, 39 
Kilpinen.S., 186 
Kim, K., 255 
Kim, S.-H., 150, 151, 155,232 
Kim, Y.M., 224 
Kirpichnikov, M.P., 64 
Kirstein, N., 202 
Kishimoto, T., 38, 94 
Kishore, R., 100 
Kiss-Toth, E., 1 
Klein, W., 180 
Kneitz, B., 241 
Knödel, M., 83 
Knop, J., 93 
Kobayashi, T., 89 
Kobayashi, Y., 246 
Koch, G., 21 
Kocieba, M., 44 
Kodish, S., 137 
Kodys, K., 163 
Koelzer, D., 82 
Kokuho, T., 185 
Kollias, G., 130 
Kolosov, M., 100 
Kontoyiannis, D., 130 
Kornman, K... 259 
Kosarev, I., 156 
Kossikova, Yu.A.,210 
Kostanyan, I., 190 
Kotenko, S.V., 251 
Kovacs, C.J., 10, 162, 165 
Kovacs, E.J., 183,188, 223 
Kovalchuk, LV.,210 
Koyama, N., 72, 82 
Koziel, H., 198 
Kozlov,V.A., 146, 152, 153 
Kozlovskaya, G., 50 
Kozlowski, M., 6, 96, 195 
Kracht, M., 106,110 
Kragballe, K., 202 
Krieg, T.M., 85 

979 



Krieg, T., 7 
Kroeger, K.M., 80 
Krup, O.C., 4 
Krysov, S.V., 146 
Krywonruchko, M., 6 
Kubota, T., 185 
Kuida, K., 143 
Kulakova, O., 136 
Kullberg, B.J.,45, 46,141 
Kumar, A., 6, 96,195 
Kuprash, D.V., 227 
Kurth, I., 71 
Kurth, R., 174, 216 
Kushner, I., 121 
Kuss, A.W., 83 
Kwon, H., 125 

Landay, Al., 194 
Lane, W.S., 240 
Lasa, M., 111 
Lauta, V.M., 12 
Lazzarin, A., 68 
Le.Y., 187 
Leach, M., 225 
Ledwich, L., 128 
Lee, F., 96 
Lee, F., 109 
Lee, K.Y.,61,233 
Lee, T.K., 10 
Lehours, P., 33 
Leibovitz, E., 59 
Lentsch, A.B., 170 
Lepikhova, T., 35,190 
Leroy, S., 33 
Lewis, E., 138 
Lewis, J.J., 14 
Li, B., 187 
Li, Y., 231 
Liang, P., 238 
Lider, O., 48, 177 
Lien, 217, 218 
Lin, R., 104, 125, 126 
Linker-Israeli, M., 133 
Lipkin, V., 35,190 
Lira, S.A., 225 
Lissandrini, D., 98 
Liu, C, 185 
Liu, H., 3 
Liu, J., 3 
Liu, X., 240 
Locati, M., 98, 171 
Lodish, H..F., 240 
Lorini, A.L, 68 
Lottaz, D., 172 
Louahed, J., 237 

Loukina, G.V., 135 
Love, P., 101 
Luan, J., 238 
Luchene, L.J., 51, 52 
Ludwig, A., 22 
Luheshi, G.N., 57, 158, 208 
Lunenfeld, E., 148,149 
Lussier, J.R., 173 
Luo, J., 29, 117 
Luo,Z.,29, 117 

Ma.X.,211 
Maclntyre, Sh., 42 
Madden, K., 2 
Magnani, G., 131 
Magrangeas, F., 33, 73 
Maheshwari, R.K., 81 
Mai, N.T., 200 
Major, JA, 100 
Malek, 257, 258, 260 
Malipatlolla, M., 118 
Malkova, N., 35,190 
Malkowitz, L, 116, 247 
Malur.A., 179 
Malyguine, A.M., 242 
Mamane, Y., 104 
Mantovani, A., 98, 102, 115, 
159,171,175 
Marecki, S., 103 
Marino, M.W., 5 
Markiewicz, A., 44 
Martin, M., 93 
Martin, M., 120 
Massa, P.T., 140 
Mathews, H.L, 157 
Mathy, N.L., 174, 216 
Mathys.J.M., 198 
Matikainen, S., 54, 62, 86, 212 
Matsumoto, K., 238 
Mattapallil, J., 192,193 
Matthys, P., 134 
Matusevicius, D., 132 
Mauch, C, 7 
Maurer, M., 2 
Mazor, M., 8, 9, 148, 149 
McNulty, S., 69 
Means, T.K., 217, 218 
Mengozzi, M., 118 
Menten, P., 24 
Mercier, P., 204 
Messingham, K.A.N., 183, 188 
Metz, C, 47 
Meyer, A., 16 
Mezentseva, M., 50 
Michaux, L, 230 

Mikami, O., 189 
Miller-Graziano, C, 163 
Milliken, T.D.A., 25 
Minvielle, S., 33, 73 
Mir, A.K., 19 
Mirochnitchenko, O.V., 251 
Mitera, T., 134 
Mitnaul, L, 116 
Miyazawa, M., 185 
Modoux, C, 60 
Moldawer, L.L., 139 
Montaner, L.J., 211 
Moody, M.D., 87, 213 
Mooney, L., 65 
Moore, P.A., 231 
Morahan, D.K., 53 
Moretta, A., 102 
Morgan, E.L., 144 
Mori, Y., 189 
Morioka, K., 63 
Morita, Y., 38, 94 
Moro, A., 215 
Morris, A.J., 171 
Mudri, S., 2 
Muegge, K., 129, 245, 255 
Mühl, H., 23 
Müller, M., 110 
Müller-Newen, G., 71 
Mulczyk, M., 43 
Muneta.Y., 189 
Murphy, K.P., 87, 213 
Murphy, T., 220 
Muto, M., 246 
Muzio, M., 175 

Nabors, G., 199 
Nagasawa, T., 38 
Naka, T., 38, 94 
Nakagawa, R., 38, 94 
Nakanishi, K., 143,154 
Narazaki, M., 38, 94 
Nardelli, B., 53, 231 
Narula, S., 225 
Navolotskaya, E., 35, 64,190 
Nedospasov, S.A., 227 
Nelles, L, 254 
Nelson, A., 2 
Nelson, E.L, 17 
Netea, M.G., 45, 46, 141, 155 
Newcomb, D., 99 
Newton, DA, 119 
Nickiin, M.J.H., 49, 222, 259 
Nirodi, C, 105 
Niwa, O., 246 
Noh, G.W.,61,233 

980 



Nold, M., 23 
Nomoto, T., 63 
Nourbakhsh, M., 106 
Novick, D., 155, 232 
Nurieva, R., 35,190 
Nuschak, B., 31 
Nuske, K., 236 
Nyman, T.A., 62 

O'Brien, S.J., 120 
Offenbacher, S., 259 
Offermann, M.K., 88 
Okabe, S., 5, 235 
Okamura, H., 143,154 
Okumura, K., 94 
Olosz, F., 257 
Olsen, H., 53 
O'Neill, L.A.J., 1,92, 112, 123 
Onozaki, K., 70, 89 
Oomoto, Y., 89 
Oppenheim, J.J., 17, 90, 160, 
228, 249 
Oppmann, B., 30 
Orencole, S.F., 214 
Orlando, S., 115 
Osman, F., 107 
Ottmann, O.G., 72, 82 

Paananen, A., 86 
Paganin, 0,102 
Paik, S.G., 224 
Palsson, E.M., 112 
Pan, Y., 205 
Pankow, J., 259 
Panousis, CG., 142 
Park, M., 101 
Parker, L.C., 158 
Parrish, J., 2 
Parry, Ü.M., 79 
Patterson, B.K., 194 
Pattyn, E., 122 
Paukku, K., 74 
Payne, S.G., 203 
Pazmany, C.C., 87,213 
Peng, T., 47 
Perea, S.E., 215 
Pestka, S., 251 
Peters, M.., 4 
Peterson, L, 26 
Petropoulos, L, 126 
Pfeffer, K., 227 
Pfeilschifter, J., 23 
Pfister, H., 7 
Pflanz, S., 71 

Ping, A., 120 
Ping, D.,15 
Piquet-Pellorce, C, 147 
Pirhonen, J., 54 
Piura, B., 8, 9 
Platzer, O, 84 
Polentarutti, N., 102, 159, 175 
Poli, G.,68, 118, 131 
Poole, S., 208 
Popoff, M.R., 112 
Porter, B.O., 260 
Potashnik, G., 149 
Pottage, Jr., J.C., 194 
Power, CA., 16 
Presnell, S., 2 
Prinsloo, I., 148,149 
Proost, P., 24, 237 
Prösch, S., 84 
Protsak, E., 55 
Proudfoot, A.E.I., 16 
Pryhuber, G., 75 
Ptitsyn, L, 156 
Puchkova, G., 40, 50 
Pulido, E.J., 46 
Pyun, K.H., 224 

Qian, Q., 27 
Qian, Q., 191 

Rabin, R., 101 
Rabinovich, A., 8, 9 
Radygina, T.V., 210 
Raher, S., 33, 36 
Ransohoff, R.M., 18 
Raychaudhuri, B., 179 
Raymond, F., 2 
Reay, E., 193 
Redford, T.W., 85 
Reed, D.A., 166 
Reich, R., 13 
Reichlen, G., 75 
Reis, L.F.L., 178 
Remick, D., 99 
Ren, H.-P., 2 
Renauld, J.-C, 41,230, 237 
Resch, K., 106, 110 
Resznikov, L.L., 139, 150, 

151,232 
Rezzonico, R., 113,161 
Riboldi, E., 171 
Rice, A., 67 
Richard, M., 41 
Richards, G., 159 

Richmond, A., 27, 105,127, 
238 

Richter, G., 66 
Ridsdale, A., 96 
Riffard, S., 204 
Ritter, B., 110 
Rivetti, C, 31 
Roederer, M., 118 
Romano, M., 167 
Ronni, T., 76 
Ropka, S., 140 
Rosa, R., 26 
Roschke, V., 231 
Rose-John, S., 30, 201, 250 
Roschke, V., 53 
Ross, K., 176 
Rossi, F., 98 
Rothwell, N.J., 57,158, 208 
Rubenstein, M., 151, 155,232 
Ruco, L, 175 
Ruddle, N.H., 248 
Rudenko, E., 40 
Rutten, V., 180 

Sablon, E., 254 
Sacca, R., 248 
Saccani, A., 115 
Saccani, S., 115 
Saccani, S., 251 
Sadhukhan, R., 37 
Saharinen, P., 74,114 
Sailors, J., 47 
Saisky, Y., 137 
Saklatvala, J., 111 
Salehpour, M.R., 10 
Salmona, M., 167 
Samols, D., 121 
Santhamma, K.R., 37 
Santhosh, K.C., 90 
Santos, A., 215 
Sareneva, T., 54, 62, 86, 212 
Sarkar, S.N., 256 
Sarna, A., 226 
Sasayama, S., 89 
Sayers, T.J., 242 
Schaefer, G., 229 
Schaper, F., 71 
Schauvliege, L, 122 
Schiffer-Alberts, D., 198 
Schimpl, A., 83, 241 
Schindler, U., 124, 229 
Schliephake, D., 83 
Schüssel, M., 129 
Schmitz, J., 71 
Schnitzler, R., 7 

981 



Schols, D., 24 
Schor, H., 177 
Schotte, P., 244 
Schrader, J.W., 109 
Schrader, S., 2 
Schröder, J.M., 228 
Schröder, R., 4 
Schwandner, R., 77 
Schwenger, P., 78 
Schwartz, B., 48 
Schutyser, E., 24 
Scibelli, P., 260 
Scott, S., 116 
Scotton, C.J., 25 
Segal, S., 13,169 
Sekei, N., 242 
Selzman, C.H., 150 
Sen, G.C., 256 
Sen, I., 37 
Sennikov, S.V., 146, 152, 153 
Sennikova, Yu.A., 152 
Servamt. M.J., 125 
Seth, P., 81 
Shakov, A.N., 227 
Shames, B.D., 150 
Sharma, S., 126 
Shearer, G.M., 119 
Shen, W., 187 
Shendler, Y., 13 
Shichkin, V., 55 
Shih, C.-Y., 144 
Shimoji, Y, 189 
Shin, H.D., 120 
Shirai, J., 63 
Shirakawa, A.-K., 17 
Shoenenberger, E., 204 
Shogan, J., 228 
Shyu, A.-B., 110 
Sica, A., 115 
Sicilano, S., 247 
Sidhu, G.S., 81 
Siegel, J.H., 173 
Sigdin, Ya.A., 135 
Silkov.A.N., 153 
Silva, A.M., 178 
Silvennoinen, O., 74,114 
Singer, I., 116 
Sirotina-Meisher, A., 247 
Sivori, S., 102 
Skifter, D., 19 
Skolnik, P.R., 98 
Skurkovich, B., 135,136 
Skurkovich, S., 135,136 
Smale, ST., 76 
Smirnova, N., 136 
Smola, H., 7 

Smolnikova, V., 97 
Smith, G.L, 1 
Smith, K.A., 66 
Smith, M., 120 
Smirne, C, 31 
Smits, H.H., 206 
Smyth, M.J., 242 
Soares, M., 247 
Solioz, C, 172 
Song, X., 13, 239 
Sorrel, J., 259 
Sosnovtseva, S., 53 
Sotero, W., 108 
Sottocorno, M., 167 
Sozzani, S., 98,171 
Sparks, N., 199 
Spetz,A.-L, 194 
Sprecher, C, 2 
Springer, M., 116,247 
Srinivasan, R., 14 
Staruch, M.-J., 116, 247 
Staats, H.F., 199 
Steiner, T., 236 
Stephenson, K., 259 
Stoppacciaro, A., 175 
Stott, J.,192 
Strobl, S., 17 
Struyf, S., 24, 237 
Stuyt, R.J.L.,46, 155 
Su, S.B., 187 
Subleski, J., 17 
Sueoka, E., 5, 235 
Suganuma, M., 5, 235 
Sukenik, S., 137 
Sullivan, L, 225 
Suman, F., 31 
Sun, Y, 240 
Symons, J.A., 1 

Takahashi, K., 63 
Takaluoma, K., 114 
Takii, T., 70, 89 
Talaev, V., 55 
Tateishi, A., 38 
Tavernier, J., 122 
Taylor, B., 192 
Taylor, M.W., 108, 209 
Tebo.J.M., 100 
Temchura, V.V., 152 
Ten Oever, B., 125 
Theze.J., 196,197 
Thomassen, M.J., 179 
Thiel, S., 71 
Tibaudi, D., 31 
Tikhonov, I., 97 

Timonen, T., 86 
Tolle, G., 200 
Tolokonskaya, N.P., 153 
Tracey, K.J., 226 
Transidico, P., 171 
Trinchieri, G., 211 
Tsubakimoto, K., 238 
Tsuchiya, Y, 63 
Tsutsui, H., 143, 154 
Tumanov, A.V., 227 

Uchimura, E., 246 
Udaka, S., 89 
Ure, J.M., 222 
Uversky, V.,42,156 

Vaisman, N., 59 
Vale, C, 79 
Valgeirsdöttir, S., 74 
Vallen, M., 128 
VanArsdell, S.W., 87,213 
VanBergen, J.L, 88 
Van Damme, J., 24, 237 
Van De Voorde, A., 254 
Vandekerckhove, J., 122 
Van de Loo, F.A.J., 164 
Vandenabeele, P., 243 
Van den Berg, W.B., 141, 164 
Van der Meide, P., 234 
Van der Meer, J.W.M., 45, 46, 

141 
Van Heuverswijn, H., 254 
Van Loo, G., 243 
Van Ostade, X., 122 
Van Rietschkoten, J.G.I., 206 
Van Snick, J., 41 
Van Thiel, D.H., 183 
Van Weyenbergh, J.,219 
Vasilenko, R., 39, 40,156 
Vasiliev, A., 39, 40, 42, 50, 

156 
Veenman, J., 180 
Venkataraman, C, 124, 229 
Venkert, R., 56 
Vercammen, D., 243 
Verhee.A., 122 
Vermeire, K., 134 
Vermont-Desroches, C, 204 
Verschueren, I., 141 
Verweij, C.L., 206 
Vestergaard, C, 202 
Vetvickova, J., 184 
Vicario P.P., 26 
Vicenzi, E.,68,118,131 

982 



Vilcek, J., 78, 91 
Villa, P., 234 
Voitenok, N., 97 
Volk, H.-D., 84 
Vollhardt, K., 216 
Volpe, F., 176 
Voronov, E., 13, 56,169,239 
Vusio, P., 36 

Wagner, E., 200 
Wagner, S., 241 
Wang, D.Z., 27, 238 
Wang, H., 226 
Wang, J., 18 
Wang, J.M., 28,187,228, 

249 
Wang, Y., 67 
Wang, X.J., 27,127 
Wang, X.-Y., 186 
Wasmuth, S., 4 
Watanabe, N., 246 
Watanabe, S., 63 
Watanabe, S., 185 
Weber-Dabrowska, B., 43, 

44 
Weiler, M., 138 
Weinberg, R.A., 240 
Weiss, W., 195 
Weissner, C, 19 
Wells, T.N.C., 16 
Weng, Y., 21 
Weng, Y., 247 
Werman, A., 13, 56 

Westcott, J.Y., 151 
Westland, R., 206 
Westphal, H., 101 
Wheeler, R.D., 57 
White, R.M., 13, 56, 169, 239 
Whitmore, T., 2 
Wick, E., 101 
Williams, W., 195 
Wilson, J.D., 144 
Winkler, C, 120 
Wiekowski, M., 225 
Wierenga, E.A., 206 
Wietzerbin, J., 219 
Wijdenes, J., 204 
Wilheim, A., 110 
Winzen, R., 110 
Wisser, C, 19 
Witek-Janusek, L, 157 
WolchokJ.D., 14 
Wolfson, M., 8, 9 
Woo, A., 80 
Wu, C, 140 
Wuyts, A., 24 

Xu, W., 2 

Yagita, H., 143 
Yamaguchi, K., 77 
Yamamura, T., 70 
Yang, D., 28, 228 
Yang, H., 96 
Yang, H., 226 
Yang, T., 225 

Yang, W., 127 
Yarilin, A., 55 
Yi, A.K., 85 
Yokomizo, Y., 189 
Yoshimoto, T., 154 
Yoshimura, A., 217, 218 
Yoshimura, T., 28 
Young, H.A., 120,249 
Yu, A., 260 
Yu, A.-X., 258 
Yu, G., 205 
Yulzari, R., 137 

Zack Howard, O.M., 17, 90, 
160, 228 

Zannelli, M.E., 51,52 
Zargarova, T., 35 
Za'yalov, V., 35, 39, 40, 42, 

50, 64, 156 
Zeyse, D., 148, 149 
Zhang, M., 226 
Zhang, P., 67 
Zhou, H., 205 
Zhou, N., 29, 117 
Zhou,Z.-H., 18 
Zoueva, O., 96 
Zuckerman, S.H., 142 
Zweerink, H., 26,116 

983 



Aitaei 
http://www.academicpress.com/Anaerobe 

:ü b e 
Editor-in-Chief 

Sydney M. Finegold 
VA Medical Center, and UCLA 

School of Medicine, Los Angeles,,USA. 

Associate Editors 
Kathryn Bernard 

(Epidemiology) 
Federal Laboratories for Health, Canada 

Bohumil Drasar 
(Microbial-Host Interactions) 

London School of Hygiene and Tropical Diseases, UK 

Sydney M. Finegold 
(Clinical Medicine) 

VA Medical Center, and UCLA 
School of Medicine, Los Angeles, U.S.A. 

Daniel Y. C. Fung 
(Food Microbiology) 

Kansas State University, USA 

Saheer E. Gharbia 
(Physiology & Microbial Chemistry) 

University of London, UK 

Michael J. Hill 
(Metabolism) 

Wexham Park Hospital, Slough, UK 

Hannele R. Jousimies-Somer 
(Clinical Microbiology) 

National Public Health Institute, Helskinki, Finland 

Madeleine M. Sebald 
(Molecular Biology/Genetics & Biotechnology) 

Institut Pasteur, Paris, France 

Haroun N. Shah 
(Ecology/Environmental Microbiology) 

Central Public Health Laboratory Services, London, U.K. 

Erko Stackebrandt 
(Taxonomy/Systematics) 

D.S.M. Culture Collection, Braunschweig, Germany 

Dennis L. Stevens 
(Pathogenesis) 

VA Medical Center, Boise, USA 

Anne Tanner 
(Oral & Dental Bacteriology & Infection) 

Forsyth Dental Infirmary, Boston, USA 

Robert D. Walker 
(Veterinary Anearobes & Diseases) 

Michigan State University, East Lansing, USA 

Log in to the Academic Press Online Library 

URL: http://www.idealibrary.com 

URL: http://www.europe.iiIealibrary.com 

Sample copies      J 
are available online. 

ON r&/ 

*» * 

Acodemic Press 
www.academicpress.com 

The Official Journal of 
the Anaerobe Society 
of the Americas 

^■»*'C «*! 

Anaerobe provides a unique 
and multi-disciplinary forum for 
research on the biology of anaero- 
bic microorganisms. The journal 
focuses on life processes in strict 
anaerobes and anaerobic activities 
of facultative or microaerophilic bacteria, fungi, and protozoa. 
Created especially for the international community, Anaerobe 
addresses the needs of those working on a group of organisms of 
exceptional academic, environmental, industrial, economic, and 
medical importance. 

Anaerobe publishes original research articles, short commu- 
nications, and reviews. Papers describing innovative method- 
ologies, technologies, and applications are also featured. 

Topics include: 
• pathogenesis • stress responses • food spoilage 
• clinical infections • evolution • bioremediation 
• industrial processes • environmental activities • dental disease 

Database coverage includes Current Contents/Life Sciences, 
Chemical Abstracts, Excerpta Medica database EMBASE, 
Current Contents/Agricultural Biology and Environmental 
Sciences, Sei Search, Research Alert, Chemical Engineering 
and Biotechnology Abstracts, and BIOSIS. 

FREE SAMPLES ore available online! 
www.idealibrary.com and www.europe.idealibrary.com/ 

ACADEMIC PRESS 
Circulation Department 
525 B Street, Suite 1900 
San Diego, CA 92101-4495, U.S.A. 
I -800-894-3434/1 -619-699-6742 
e-mail: apsubs@acad.com 

ACADEMIC PRESS, LTD. 
Marketing Department, Kate Davis 
24-28 Oval Road 
London NWI 7DX, U.K. 
Call: 0171 424 4536 
e-mail: kate_davis@harcourtbrace.com 

PUBLICATION INFORMATION AND RATES 
ISSN: 1075-9964 
Volume 5 (1999), 6 issues 
ANNUAL SUBSCRIPTION RATES* 
Institutional Rates 
Worldwide: £195.00 
Personal Rates 
In the UK and Europe: £96.00 
All other Countries: $1,90.00 

GP> 
Subscriptions to Anaerobe are free 

to members of the Anaerobe 
Society of the Americas (ASA). For 

ASA membership information 
see http://anaerobe.org/ 

All prices are subject to change without notice. U.S, customers: Please add state sales tax to your order. Canadian 
customers: Please add 7% Goods and ServicesTax to your order. *Non-institutional subscription rates are available 
on ly on orders placed directly with thePublisher* arid paid for with personal funds. Payments directed to the U.S. 
must be made in U.S. currency, by U.S. Bank Draft, by International Money Order, or in UNESCO coupons. AN99E 



Bmn Cambridge Healthtech Institute's 

CHEMOKINES AND CHEMOKINE RECEPTORS 

Disease Targets for Therapeutic Development 
November 15-16,1999 • The Ritz-Carlton, Tysons Corner • McLean, Virginia 

As key mediators of leukocyte trafficking, chemokines and their receptors hold great promise as 
therapeutic targets in a wide variety of disease conditions ranging from infectious diseases and inflam- 
mation to cancer. This conference will explore the newest developments in our understanding of 
chemokines and receptors, as well as the potential for therapeutic intervention of these chemoattractant 
proteins in various pathological conditions. 

Session Topics Include: 
The Science and Study: Chemokine and Receptor Biology in the Immune and Non-Immune System • 
Expression of Chemokines and Receptors in Disease • New Therapeutic Applications • HIV 

Yes! Register me for Chemokines and Chemokine Receptors 073 A07 
Academic, Government 

Commercial Hospital-Affiliated 

vance Registration (by October .1999) □ $895 D $445 

i-site or Late Registration D   $995 G $470 

□ I cannot attend but would like to purchase a copy of the documentation binder for $195 (plus shipping). 

D Please send information on exhibiting and opportunities to present workshops. 

D I am interested in presenting a poster at Chemokines and Chemokine Receptors and will submit an abstract by October 1,1999. 

Title_ 

DMr.  DMs.  □ Mrs.  □ Dr.  D Prof. 

First Name Last Name 

Title Div./DeDt. 

Company 

Address 

Citv/State/Postal Code Country 

Telephone Fax 

E-Mail 

□   Enclosed is a check or money order payable to Cambridge Healthtech Institute, drawn on a U.S. bank, in U.S. currency. 

Q   Invoice me, but reserve my space with credit card information listed below. 

Invoices unpaid one week prior to conference will be billed to credit card at full registration rate. 

Invoices must be paid in full and checks received by the deadline date to retain registration discount. 

If you plan to register on site, please check with CHI beforehand for space availability. 

D   Please charge:     D AMEX (15 digits)      □ Visa (13-16 digits)       D MasterCard (16 digits)       D Diners Club (14 digits) 

Card # Exp. Date  

Cardholder  

Signature  

Cardholder's Address (if different from above) 

Citv/State/Postal Code Country 

FAX or MAIL your registration to: 

Cambridge Healthtech Institute, 1037 Chestnut Street, Newton Upper Falls, MA 02464 

SE90   T: 617-630-1300 or toll free in the U.S. 888-999-6288 • F: 617-630-1325 

IHD 

HOW DID YOU FIRST HEAR ABOUT 
THIS MEETING? 

D Brochure 
D Colleague 
D Ad 

(publication name) 

D CHI Web Site 
D Other  

Please send information on related CHI programs: 

D    Biological Safety (BSF) 
D    Orthopedic Tissue Engineering (ORT) 
D    Animal Models (ANM) 
G    Gene Quantification (QGA) 

Register 3—4th Is Free 
Individuals must register for the same conference or 
conference combination and submit completed 
registration forms together for discount to apply. Call 
for details on groups of 5 or more. (Applicable to paid 
registrations only.) 

Additional Registration Details 
Each registration includes all conference sessions, 
posters and exhibits, one luncheon and reception, 
continental breakfasts, all refreshment breaks, and a 
copy of the document binder. 

Handicapped Equal Access: In accordance with the ADA, 
Cambridge Healthtech Institute is pleased to arrange 
special accommodations for attendees with special 
needs. All requests for such assistance must be 
submitted in writing to CHI at least 30 days prior to the 
start of the meeting. 

Substitution/Cancellation Policy 
In the event that you need to cancel a registration, you 
may: 

• Transfer your registration to a colleague within your 
organization 

• Credit your registration to another Cambridge 
Healthtech Institute program 

• Request a refund minus a $75 processing fee 

• Request a refund minus the cost ($195) of ordering a 
copy of the document binder 

NOTE: Cancellations will only be accepted up to one 
week prior to the conference. 

Program and speakers are subject to change. 



lePowtoüiiJersteöä 
Gene to Protein 
Cytokine & Chemokine Tools 

from BioSource 

Secretim **-« 

M^ niRNA Multiplex Kits 
TNF signaling- wt includes: 

TNF, NFKB, IKB, Bcl-2, ICE, GAPDH 

Chemokine receptors- utincludes: 
(1) CCR1, CCR2, CCR3, CCR4, CCR5, GAPDH 

(2) CXCR1, CXCR2, CXCR3, CXCR4, SDF-1, GAPDF 

r^ELISAKits 
Human Eotaxin, IL-12 p70, HGF, MIP-1a, 

RatlL-1a, IL-1ra, IL-13 

^ Antibodies 
Human Eotaxin, MIP-5, SDF-1 ß, Fractalkine 

Swine IL-1a, IL-1ß, IL-2, IL-4, IL-6, IL-8, IFN-y 

new Recombinant Proteins 
Rat IL-13, CINC-2ß 

Human IL-12, MIP-1a 

Swine IL-1ß,TNF-a, IFN-y 

Recombinant Eotaxin 
Rabbit Anti-human Eotaxin 

8kD- 

CytoScreen™ Eotaxin ELISA Kit 

Human Eotaxin 

700 ■ 

= 600 
E 

■& 500 ■ 

~ 400 

|  300 • 

1  200 • 
u  100 ■ 

Benchmark Comparison 

^\                  y = 0.99121 ♦ 6.5841 

^s^                                   R' = 0.9867 

FIII''1 

( 100   200   300   400   500   600   700 
Competitor   (pg/ml) 

BioSource International, Inc. 
1-800-242-0607 

-<@> 
SOURCE i 
INTERNATIONAL i&J 

www.biosource.com 

Show Me! 
Three different techniques were used 
to detect human Eotaxin: 
(1) Recombinant human Eotaxin 

(PHC1434) was resolved by SDS-page, 

transferred to PVDF membrane and blotted 

with rabbit serum (lanel), or rabbit anti- 

human Eotaxin (Iane2) (AHC1432). 
(2) CytoScreen™ human Eotaxin ELISA 
(KAC2232) was compared to a competitor 
for a wide range of sample types (plasma, 
serum, and culture supernatant). 
Correlation observed is 0.99. 
(3) Expected product of 222 bp is 
observed using human Eotaxin primer pair 
(CHC1431) to amplify cDNA. 

For research use only. 

Fax: (805) 987-3385 
e-mail: tech.support@biosource.com 

BioSource Europe S.A., Belgium Tel: +32-67 88 99 00 • BioSource Deutschland GmbH Tel: +49-2102 742 7600 • BioSource Netherlands B.V.Tel: +31-76-501 4824 
For additional distributors, please visit our website 


